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ABSTRACT
Several ecological factors including predation are assumed to be of universal 
importance in structuring communities, but the relative influence of these mechanisms on 
macrobenthos in subtropical and tropical marine habitats is largely equivocal. Potential for 
keystone predation and the role of predation, in general, in regulating abundance and 
diversity of the prey assemblage in subtropical systems, areas where predation is predicted 
to be more intense than in temperate areas, has not been examined in detail.
The relative importance of predator-prey dynamics and several environmental 
variables in structuring gastropod and bivalve diversity and distribution was investigated in 
the subtropical seagrass and macroalgal community of Florida Bay. This area is a highly 
productive system and is a primary nursery and foraging ground for finfish and 
invertebrate predators, including Caribbean spiny lobster, Panulirus argus. The molluscan 
assemblage, a primary food source for P. argus in particular, is speciose (75 gastropod 
species and 25 bivalve species) and a significant component of epifaunal and infaunal 
invertebrate assemblages within Florida Bay.
Two experimental areas, located within separate basins and each comprised of two 
experimental sites, were selected within Everglades National Park. Each site consisted of 
an array o f four replicates of each of four structural treatments designed to manipulate 
predator abundances and composition. The predator guild associated with experimental 
structures was monitored at periodic intervals (July 1993 to Aug. 1995), at which time 
benthic suction samples were taken to evaluate diversity, abundance, and distribution of 
the molluscan assemblage.
Experimental areas were significantly different from each other and were 
representative o f separate subenvironments within Florida Bay. Predator abundances were 
successfully manipulated locally; experimental structures providing more overhead cover 
attracted significantly more predators. Predator densities were representative of naturally 
occurring fauna utilizing seagrass beds rather than the abnormally high densities reported 
in other studies utilizing artificial reefs. Although many predators, including the 
numerically dominant spiny lobster, prey on molluscs, no significant predation impacts by 
P. argus and finfishes on abundance and species richness of the molluscan assemblage 
were observed. Only size structure (i.e., lack of larger individuals) of gastropods may 
have been influenced by spiny lobster predation, as suggested by a significant inverse 
relationship between gastropod size and lobster size. Thus, predation by P. argus and 
various finfishes did not structure gastropod and bivalve mollusc assemblages in these 
seagrass and macroalgal habitats. Area differences, however, seemed to have some 
influence on prey abundance and diversity given the consistent significant area effects 
prevalent throughout the data set. Moreover, P. argus, at densities recorded in this study, 
can not be considered a keystone or even a dominant predator in this system. Predation in 
Florida Bay, as in other tropical and sub-tropical systems, is differentiated in time and 
space, probably due to habitat heterogeneity, spatial and temporal variability in predator 
and prey abundances, relatively high diversity o f benthic prey, and ontogenetic shifts in 
diet and habitat use by predators. Conversely, the Florida Bay benthic community is likely 
influenced through bottom-up or physical factors and microhabitat characteristics.
xiv
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CARIBBEAN SPINY LOBSTER AND THEIR MOLLUSCAN PREY:
ARE TOP-DOWN FORCES KEY IN STRUCTURING PREY ASSEMBLAGES 
IN A FLORIDA BAY SEAGRASS SYSTEM?
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2Chapter 1 
Introduction
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3The distribution and abundance of organisms in time and space and the interactions 
between organisms are fundamental issues in the study of marine macrobenthic community 
dynamics. Ecological communities are dynamic assemblages of organisms and species 
which respond individually, not as a community, to temporal and spatial variation (Levin 
1992). Although structure of communities varies in space and time in response to many 
physical and biotic factors, researchers have attempted to quantify and describe observed 
patterns in community organization. Understanding community structure (i.e., variation in 
species diversity, relative abundance, spatial distribution, size structure, and trophic 
complexity) and identifying underlying processes from the observed patterns has been the 
foundation of debate for decades over the relative importance of various ecological 
processes in structuring marine communities.
A wide variety of physical and biological factors, at various levels of ecological 
organization, have been shown to strongly influence invertebrate community structure in 
diverse marine habitats. Biological factors, such as competition, predation, and 
disturbance, have been studied extensively and identified as primary structuring 
mechanisms within a variety of marine macrobenthic communities (e.g., Connell 1961a, 
1961b, 1975; Paine 1966; Dayton 1971; Levin and Paine 1974; Peterson 1979; Sousa 
1979; Wilson 1991). The Menge and Sutherland model (1987) generalized community 
regulation theory by proposing that variation in community structure depends directly on 
physical disturbance, competition, and predation, and indirectly on recruitment and 
environmental stress. This model considered that the relative importance of disturbance, 
competition, and predation varied predictably, but differently, depending on trophic level
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4and environmental stress.
Generalized models such as the community regulation model of Menge and 
Sutherland have gained wide acceptance. To this extent, ecologist have attempted to 
further integrate findings from individual studies into generalized paradigms to account for 
observed patterns of distribution. However, the majority of paradigms and concepts about 
factors structuring marine communities, such as the relative roles of competition, 
predation, and disturbance, have been hypothesized from tests conducted in temperate 
rocky intertidal habitats (Connell 1961a, b; Paine 1966, 1969, 1980; Dayton 1971; Levin 
and Paine 1974; Menge and Sutherland 1976, 1987; Menge 1976, 1978; Lubchenco 1978; 
Lubchenco and Menge 1978; Sousa 1979; Paine and Levin 1981). Presumably, marine 
communities worldwide are organized by these same factors, but whether community 
structure is regulated by general and predictable ecological processes has yet to be 
confirmed. For example, in softbottom systems, there is little evidence for exploitative 
competition for space and the role of predators in these systems has proven difficult to 
verify experimentally (Dayton 1984). Thus, some researchers (Peterson 1979; Dayton 
1984; Alongi 1989; Wilson 1991) have argued that softbottom systems likely require 
alternative paradigms than those developed for rocky intertidal habitats, since the relative 
importance of various structuring mechanisms in softbottom communities appears to be 
quite different from those hypothesized for rocky intertidal habitats.
A further problem is that many of the existing ecological concepts governing 
benthic community dynamics formulated from work conducted in temperate environments 
are not readily applicable to tropical benthic ecosystems (Alongi 1989). Alongi (1990)
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5hypothesized that the tropics are not the stable, environmentally constant habitats as was 
once thought. Therefore, benthic community structure in these habitats must be examined 
in light of many potential regulatory factors which constantly change both temporally and 
spatially (Alongi 1989). As was the case in the rocky intertidal (Menge and Sutherland 
1987), the most realistic view of benthic community structure in subtropical and tropical 
softbottom habitats will likely involve the interplay between several regulatory factors. 
Which factors dominate will likely depend upon, and vary with, environmental conditions 
and the assemblage composition of organisms found within these communities.
Environmental factors may strongly influence species diversity and patterns o f 
abundance and distribution of organisms within subtropical and tropical macrobenthic 
communities. Environmental stress is generally more severe in the tropics than in 
temperate habitats (Alongi 1989). Finer-scaled microhabitat characteristics, such as 
sediment composition and diversity and biomass of macrophytes, significantly impact 
infaunal and epifaunal invertebrates (Bloom et al. 1972; Heck and Wetstone 1977; Stoner 
1980; Lewis and Stoner 1983; Bello 1988-89; Lyons 1989). Species diversity and 
patterns of animal abundance and distribution are often positively correlated with spatial 
heterogeneity and habitat complexity (e.g., Heck and Wetstone 1977; Alongi 1990; Heck 
and Crowder 1991). Thus, if environmental conditions are highly variable and/or habitats 
are spatially heterogeneous, microhabitat utilization may be of primary importance in 
structuring macrobenthic communities.
Predator-prey dynamics are of particular interest because predation is presumed to 
be more intense in the tropics than in temperate locations (Alongi 1989). Support for this
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6hypothesis is found in the presence of abundant and diverse predators which are present 
and active year-round in tropical environments. Additionally, diffuse predation, a type of 
strong predation where the effects of total predation are only apparent when activities of 
the entire guild of predators are measured (Menge and Lubchenco 1981; Lubchenco et al. 
1984; Robles and Robb 1993), has been observed in tropical hardbottom habitats 
(Lubchenco et al. 1984; Menge et al. 1986). However, predator-prey relationships within 
complex tropical marine communities have not been adequately addressed experimentally.
Keystone predation is another form of strong predation. The keystone species is 
an ecological concept that has been applied to many species and generalized across marine 
communities. Use and mis-use o f this term has sparked recent debate and re-evaluation of 
this concept (Mills et al. 1993; Menge et al. 1994; Power et al. 1996). The original 
definition proposed by Paine (1969; i.e., a keystone predator is one who preferentially 
consumes and regulates the abundance of another species that would otherwise dominate 
the system) was developed to explain seastar predation in rocky intertidal habitats. The 
new definition (Power et al. 1996) proposes that a keystone species is one whose impact 
on the ecosystem is large and disproportionately large, relative to its abundance. This 
definition is more general than Paine’s original description and may now be more 
applicable to a variety of ecosystems. The resultant effects of a keystone species, 
however, remain the same, that is, intense predation by one predator has serious 
implications on the structure of the prey assemblage.
Concurrent with keystone predation is the predation hypothesis (Paine 1969), 
which predicts that predators maintain high diversity within the community due to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
preferential feeding on a competitively dominant prey species. Local prey diversity, 
therefore, may be directly related to predation intensity. If the predation hypothesis ( i.e., 
high faunal diversity results from keystone predation; Paine 1969) is applicable to 
subtropical and tropical communities, it follows then, that keystone predators should be 
more commonly represented in these communities than in temperate communities (Krebs 
1994) given the speciose nature of prey assemblages.
Predation, therefore, is predicted to be a primary structuring mechanism in 
subtropical and tropical macrobenthic communities because a diverse and abundant 
predator guild is active year-round in these habitats. Additionally, there is some evidence 
indicating diffuse predation operates in the tropics. Finally, some predators like the 
Caribbean spiny lobster, Panulirus argus, have been implicated as important and dominant 
predators and potential keystone predators in their natural environment (Hermkind et al. 
1975; Davis 1977; Lipcius and Cobb 1994; Profit 1995; Patillo et al. 1997).
In this study, the relative importance of predation and microhabitat characteristics 
as primary structuring mechanisms in a subtropical softbottom community was examined 
in the seagrass and macroalgal habitats of Florida Bay. Florida Bay is an extremely 
productive (Zieman et al. 1979; Zieman 1982; Zieman et al. 1989) ecosystem and 
supports diverse and abundant faunas of both predators and prey (Turney and Perkins 
1972; Holmquist et al. 1989; Sogard et al. 1989a,b; Zieman and Zieman 1989). Systems 
such as such as this provide an appropriate arena for studying the role of predation in 
regulating abundances and size-ffequency distributions within the prey assemblage. 
Moreover, intensive sampling within these spatially heterogeneous systems allows
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8diversity and patterns of distribution within the prey assemblage to be quantified and 
assessed relative to the environment.
Chapter Two provides a discussion of the Florida Bay ecosystem with detailed 
descriptions of regional differences within the Bay. Species diversity and patterns of 
distribution of gastropod and bivalve molluscs are examined in Chapter Three, which 
provides particular emphasis on regional, differences in diversity as well as, the relative 
importance of spatial and temporal changes in sediment composition and macrophyte 
biomass on the molluscan assemblage. In Chapter Four, the role of predation as a primary 
mechanism structuring the molluscan component of the macrobenthic community is 
examined. Many resident species of the Florida Bay seagrass system, including the spiny 
lobster Panulirus argus, prey heavily on or include molluscs in their diets. A 
manipulative experiment was designed, therefore, to quantify overall predation effects on 
the structure of the molluscan assemblage, to evaluate the trophic ecology of P. argus 
relative to other predator species, and to assess the role of the spiny lobster as a keystone 
predator.
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Florida Bay, a shallow lagoonal estuary and the largest subtropical seagrass 
ecosystem in the continental United States, is located south of the Florida mainland and 
west o f the upper and middle Florida Keys with its western margin open to the Gulf of 
Mexico. Florida Bay functions as an interface for Antillean, Carolinean, and Gulf 
ecological provinces (Holmquist et al. 1989a) and is unique in supporting an extremely 
diverse flora and fauna. The ecological importance of this system is further recognized 
through inclusion of a portion of Florida Bay in Everglades National Park, a marine 
sanctuary. Within the bay, expansive seagrass beds, macroalgae, mangroves, sponges, and 
gorgonians characterize the benthic habitats supported within this highly productive 
system. These habitats serve as a primary nursery and foraging ground for diverse 
assemblages of finfishes and invertebrates, many of which are commercially or 
recreationally important.
Florida Bay covers approximately 2200 km2 in total area with 1800 km2 included 
within Everglades National Park (Mclvor et al. 1994). A network of seagrass-covered 
carbonate mud banks divide Florida Bay into a series of shallow (< 3 m deep), discrete 
basins. Mud banks exert considerable influence on the ecology of Florida Bay by 
restricting circulation, affecting sediment accumulation, and minimizing hydrographic 
influences o f the Gulf of Mexico by dampening both tidal range and current speed 
(Holmquist et al. 1989b, and references therein; Boyer et al. 1997). The majority of 
freshwater input enters Florida Bay directly through rainfall and inflow from the mainland 
via Taylor Slough and Canal C-l 11 in the northeast section (Robblee et al. 1991; Mclvor 
et al. 1994). The bay receives oceanic influences by exchanges with the Gulf of Mexico to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
16
the west and the Atlantic Ocean in the southeast. Florida Bay is relatively shallow, 
reaching a maximum depth o f 2-3 m, but averaging less than one meter (Zieman 1982). 
Carbonate sediments within Florida Bay are diverse in composition and texture; sediment 
grain composition reflects the remains of the local benthic community (Bosence 1989). 
Sediments commonly form a thin veneer over the hardbottom of calcium carbonate rock, 
particularly in the southern portion of the bay (Mclvor et al. 1994). This hard bottom 
habitat, characterized by sponges, gorgonians, macroalgae, and small hard corals, 
intersperses with seagrass meadows throughout much of the bay (Butler et al. 1995). 
Seagrass meadows, dominated by Thalassia testudinum, comprised approximately 80 % 
of the bottom habitat prior to the beginning of the seagrass die-off in 1987 (Zieman et al. 
1989; Robblee etal. 1991).
Although a highly productive system (Zieman 1982; Zieman et al. 1989), Florida 
Bay is nutrient limited. Primary productivity of both the water column (Fourqurean et al. 
1993; Phlips and Badylak 1996) and the benthos (Powell et al. 1989; Lapointe 1989; 
Fourqurean et al. 1992) are limited by phosphorous availability (Boyer et al. 1997).
Florida Bay has been characterized in terms of the spatial heterogeneity 
represented within macrophyte communities (Zieman et al. 1989), fish communities 
(Sogard et al. 1989; Thayer and Chester 1989), invertebrate distributions (Turney and 
Perkins 1972; Holmquist et al. 1989a), water quality (Boyer et al. 1997), and planktonic 
algae and cyanobacteria distributions (Phlips and Badylak 1996). Surprisingly, the 
proposed sub-environments or regions defined by these multiple and varied factors are 
similar and complementary to the hydrology of the system (Boyer et al. 1997).
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Currently, Florida Bay is undergoing considerable ecological change that could 
potentially alter structure of biotic communities within this productive and unique 
ecosystem. Since the mid-1980's, habitat quality in Florida Bay has declined significantly 
beginning with a seagrass die-off in 1987 (Robblee et al. 1991). The seagrass die-off 
resulted in input of large quantities of detritus to the system with subsequent increases in 
inorganic and organic nutrient levels as well as turbidity (Durako 1994). These factors 
presumably stimulated episodic algal blooms that have progressively worsened, in both 
extent and duration, over time. Other anthropogenic and natural influences have also 
served to further disrupt this system. Decreased freshwater input into Florida Bay from 
the Everglades watershed has caused the Bay to become hypersaline (Fourqurean et al. 
1993). Increased nutrient inputs from agriculture and waste disposal (LaPointe 1989; 
LaPointe and Clark 1992) have added additional nitrogen to the system. Other stress- 
inducing factors include unusually high temperatures and hypoxia events caused by 
elevated sulfide levels (Durako 1994). Additionally, tropical storms, although a potential 
source of disturbance, contribute to the flushing rate of the bay. The recent reduction in 
the frequency of tropical storms, therefore, has contributed to the problems associated 
with eutrophication.
Prolonged exposure to these various disturbances is causing alterations within the 
Florida Bay ecosystem. For example, widespread and persistent blooms of cyanobacteria 
have been implicated in mass mortalities of sponges (Butler et al. 1995). Loggerhead 
sponges were the most commonly used natural shelter of postalgal-phase spiny lobster, 
Panulirus argus (Herrnkind et al. 1997). Loss of sponges resulted in local reduction in
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spiny lobster abundances and changes in their patterns of shelter use (Butler et al. 1995; 
Herrnkind et al. 1997). In affected areas, alternative shelters, such as solution holes and 
artificial shelters, were used more frequently on sites which previously supported high 
densities o f sponges (Herrnkind et al. 1997). Fortunately, despite the sponge die-off, 
overall abundance of spiny lobsters in Florida Bay did not appear to be detrimentally 
reduced. Juvenile spiny lobsters utilized alternative shelters, another lobster nursery area 
within Florida Bay was unaffected and productive, and postlarval supply (i.e., recruitment) 
was high within Florida Bay (Herrnkind et al. 1997). This combination of factors, 
therefore, offset a potentially devastating cascade disturbance.
Despite the fact that Florida Bay is an unique ecosystem with diverse flora and 
fauna, investigations examining community structure, species composition and 
distribution, and predator-prey dynamics are limited. Current ecological conditions in 
Florida Bay have renewed interest in the ecology and the organisms that utilize the 
resources of this region. Potential for further anthropogenic changes in Florida Bay 
emphasize the critical need for studies of community dynamics and ecological processes to 
gain a more comprehensive understanding of this complex ecosystem.
As a first step toward understanding predator-prey dynamics and benthic 
community structure, an experiment was designed to examine the impacts of predation by 
a suite of benthic predators, which included the Caribbean spiny lobster, Panulirus argus, 
and various species of finfishes, on their molluscan prey. Specific objectives of this study 
were to: (1) examine trophic dynamics within the experimental sites, (2) monitor spiny 
lobster and finfish abundances during the experimental period, (3) assess the impact of
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spiny lobster and finfish predation on abundance and diversity of the macrobenthic 
community, (4) address the role of the spiny lobster as a keystone predator in this 
environment and (5) examine patterns in abundance, distribution, and diversity of the 
molluscan component o f the Florida Bay macrobenthic community.
Manipulative experiments were conducted in two separate areas within the bay to 
gain a broader perspective and better understanding of the ecological processes and 
patterns structuring the macrobenthic communities o f Florida Bay,. Each experimental 
area was comprised of two replicate sites. Sites within the experimental areas are 
referenced by acronyms for nearby keys or banks. Area 1 is composed of the sites ARB 1 
and ARB2, whereas Area 2 is comprised of the PK and BK sites. The experimental areas 
differed in several physical parameters and are considered to be affiliated with separate 
sub-environments or communities according to the designations hypothesized by Zieman 
et al. (1989), Holmquist et al. (1989b) and Boyer et al. (1997).
Macrophytes
Zieman et al. (1989) characterized Florida Bay into seven communities containing 
similar biological and physical characteristics. These authors based their community 
designations primarily on plant community composition but took into consideration 
macrophyte distribution, standing crop, productivity, sediment type, sediment depth and 
water depth. Area 1 (present study) is located within the Gulf community (sensu Zieman 
et al. 1989). This region supports the most diverse macrophyte community within Florida 
Bay (Zieman et al. 1989). Relatively deeper sediments permit the growth of extensive and 
productive Thalassia testudinum seagrass beds; Halodule wrightii and Syringodium
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filiforme are also common in this area (Zieman et al. 1989). Local outcrops of bedrock in 
the middle of basins provide attachment sites for sessile organisms such as gorgonians, 
sponges, and several algal species (Zieman et al. 1989).
In contrast, Area 2 (present study), located within the Atlantic community (sensu 
Zieman et al. 1989), is characterized by sparse Thalassia coverage in basins, with dense 
growth on surrounding mud banks (Zieman et al. 1989). Productivity of seagrasses in the 
basins is also much lower in the Atlantic (20 g dw m'2) versus the Gulf communities (75- 
125 g dw m'2; Zieman et al. 1989). Flora more representative of coral reef environs are 
present in the Atlantic community with calcareous algae such as Halimeda and Penicillus 
dominating macroalgal biomass (Zieman et al. 1989).
Results obtained in the present study (see Chapter 3 for more detail) corroborate 
the findings o f Zieman et al. (1989). Area 1 consistently had a more diverse assemblage 
of macrophytes than Area 2 (Figure 2.1; see Chapter 3). Of 33 identified species of 
macrophytes collected during this experiment (Appendix 2.1), 27 were observed at least 
once in Area 1 (3 species of seagrasses, 20 species green algae, 4 species red algae; Table 
2.1). All three species of seagrasses common to Florida Bay were abundant at both sites 
located in Area 1. Thalassia testudinum was the dominant species, occurring in 82 % and 
96 % o f samples collected at ARB 1 and ARB2, respectively. Green algae characteristic 
(i.e., observed in at least 36 % of samples) of Area 1 include Penicillus capitatus, P. 
dumetosus, Halimeda incrassata, H. monile, Acetabularia calyculus, and Caulerpa 
lanuginosa (Table 2.1). At least three species of red algae, Laurencia sp., Digenia 
simplex, and Hypnea cervicomis, were also common in this area.
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In contrast, the floral assemblage of Area 2 was comprised of 2 species of 
seagrasses, 16 species o f green algae, and 3 species of red algae (Table 2.1). Thalassia 
testudinum was the only abundant species of seagrass (occurring in 71 % of samples from 
PK and 89 % of BK samples; Halodule wrightii was rare (Table 2.1). Green algae 
characteristic (i.e., observed in at least 36 % of samples) of Area 2 included Penicillus 
capitatus, Halimeda incrassata, and Batophora oerstedii. Only one red alga, Laurencia 
sp. was common in this area.
Mean total above-ground biomass was significantly higher in Area 1 than Area 2 
for all sampling periods (Figure 2.2; see Chapter 3). Green algae consistently contributed 
the majority of above-ground biomass throughout the duration of the experiment. Above­
ground biomass of seagrasses was usually higher during spring/summer sampling periods 
than fall/winter periods. There was a tendency toward higher biomass of seagrasses in 
Area 1 compared with that of Area 2. Productivity measurements were not taken in the 
present study but are assumed to be comparable to those reported in previous studies 
(e.g., Zieman 1982; Lapointe 1989; Zieman et al. 1989; Boyer et al. 1997).
Sediments
Holmquist et al. (1989b) used the same community designations as did Zieman et 
al. (1989) and found differences in sediment composition throughout Florida Bay. Gulf 
community sediments were classified as fine, whereas Atlantic sediments were more 
coarse (Holmquist et al. 1989b). Although the sediment samples of Holmquist et al. 
(1989b) were taken mainly on the top and sides of mud banks and those in the present 
study were collected from basins, the findings of both studies were similar. In the present
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study, both experimental areas had a high sand fraction, but Area 1 had much finer 
sediments (see Chapter 3) with the silt-clay faction comprising 0-77 % in ARBI and 0-54 
% in ARB2 (Figure 2.3). Area 2 sediments were much coarser (see Chapter 3) with the 
majority of variation occurring along the sand-gravel axis for both the PK and BK sites 
(Figure 2.4).
Water Quality
Water quality characteristics were used by Boyer et al. (1997) to characterize 
Florida Bay into ‘zones of similar influence’. Under this classification scheme, the bay was 
divided into six regions based on concentrations of various forms of organic and inorganic 
nitrogen and phosphorous, chlorophyl a, and dissolved oxygen as well as on differences of 
turbidity, temperature, and salinity ranges (Boyer et al. 1997). Area 1 (this study) was 
contained within the Western Bay cluster (sensu Boyer et al. 1997). This region is 
characterized by relatively high, but stable salinities, low concentrations of total nitrogen 
(TN), total organic nitrogen (TON), total organic carbon (TOC), nitrate (NO'3), nitrite 
(NO'2), and ammonium (NUT4), a relatively high concentration of total phosphorous (TP), 
relatively high levels of chlorophyll a, and high turbidity (Table 2.2; Boyer et al. 1997).
In contrast, Area 2 (this study) is located in the Eastern Bay zone of similar 
influence (sensu Boyer et al. 1997). This region is characterized by a wide salinity range, 
generally high concentrations of NO'3, NO'2, NH*4, TON, and TOC, low concentrations of 
TP, the highest TIN:SRP (total inorganic nitrogen: soluable reactive phosphorous) and 
TN:TP ratios (indicative of severe phosphorous limitation), the lowest standing stock of 
phytoplankton and the lowest overall values for turbidity for any Florida Bay zone (Table
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2.3; Boyer et al. 1997).
Thus, based on differences in sediments, water quality, vegetation, and nutrients, 
the experimental areas are distinct and represent two different sub-environments within 
Florida Bay. Sites within Area 1 are characterized by high macrophyte diversity and 
biomass, fine sediments, low concentrations of nitrogen, high concentrations of 
phosphorous, high turbidity, and high salinity. In contrast, sites within Area 2 are 
characterized by low macrophyte diversity and biomass, coarse sediments, high 
concentrations of nitrogen, low concentrations of phosphorous, low turbidity, and variable 
salinity. The apparent patterns in physical parameters which delineate the bay into 
separate and distinct communities are also reflected in faunal compositions and 
distributions (See Chapters 3 and 4).
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Figure 2.1. Total macrophyte species richness (S = number of species) observed in 
biomass samples collected in experimental areas during the course of this 
experiment. Each bar represents a composite of four random samples.
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Figure 2.2. Total above-ground biomass of macrophytes collected in experimental areas 
over the duration of this experiment. Each bar represents the mean biomass 
(g dw • m‘2) of all macrophytes collected from four, random, 0.25 m'2 quadrats per 
site per sampling period.
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Figure 2.3. Composite ternary diagrams depicting sediment composition of experimental 
sites (ARBI and ARB2) in Area 1. Axial increments are percents. Each point 
represents one sample. Four samples were collected per site per sampling period.
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Figure 2.4. Composite ternary diagrams depicting sediment composition of experimental 
sites (PK and BK) in Area 2. Axial increments are percents. Each point represents 
one sample. Four samples were collected per site per sampling period.
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Table 2.1. Frequency of occurrence of the various species of macrophytes collected in 
experimental areas over the course of this investigation. ARB 1 and ARB2 are the study 
sites located within Area 1; PK and BK are the study sites located within Area 2. N = 4 
biomass samples per site per sampling period. Abundant = represented in £ 50% of 
samples; Common = 25-49 %; Occasional = 10-24 %; Rare = < 10%; Absent = species 
was not collected in biomass samples during the experiment.
Area 1 Area 2
Macrophyte Species ARBI ARB2 PK BK
Seagrasses:
Thalassia testudinum Abundant Abundant Abundant Abundant
Halodule wrightii Abundant Abundant Rare Rare
Syringodium filifonne Abundant Common Absent Absent
Green Algae:
Penicillus capitatus Abundant Abundant Abundant Abundant
Penicillus dumetosus Common Common Rare Absent
Rhipocephalus phoenix Occasional Occasional Occasional Absent
Halimeda incrassata Abundant Abundant Abundant Abundant
Halimeda monile Common Common Occasional Rare
Halimeda discoidea Rare Rare Absent Absent
Halimeda opuntia Occasional Absent Absent Absent
Ulva sp. Common Common Rare Common
Udotea flabellum Occasional Common Rare Absent
Udotea occidentalis Rare Absent Absent Absent
Avrainvillea longicaulis Occasional Rare Rare Absent
Avrainvillea nigricans Occasional Absent Absent Absent
Acetabularia calyculus Common Common Occasional Occasional
Batophora oerstedii Rare Absent Abundant Common
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Area 1 Area 2
Macrophyte Species ARBI ARB2 PK BK
Caulerpa sertularioides Absent Occasional Rare Absent
Caulerpa mexicana Rare Rare Absent Absent
Caulerpa prolifera Rare Occasional Absent Absent
Caulerpa lanuginosa Common Common Rare Occasional
Caulerpa paspaloides Absent Absent Rare Absent
Caulerpa sp. Occasional Occasional Rare Absent
Valonia aegagropila Rare Rare Absent Absent
Dictyosphaeria cavernosa Absent Absent Rare Rare
Derbesia sp. Absent Absent Occasional Common
Red Algae:
Laurencia sp. Abundant Abundant Abundant Abundant
Digenia simplex Abundant Common Occasional Absent
Hypnea cervicomis Common Common Occasional Rare
ITrichogloea sp. Occasional Rare Absent Absent
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Table 2.2. Water quality data, taken at monthly intervals, for Springer Bank (Station 27, FIU sampling program, J. Boyer, pers. 
comm). Data collected in vincinity of Area 1 (present study). Reported values for salinity, dissolved oxygen, and temperature are 
average values of surface and bottom readings. Nov 1994 values are means comprised of three readings. N 03'= nitrate, N 02'= nitrite, 
NH4+= ammonium, TON = total organic nitrogen, TP = total phosphorus, SRP = soluble reactive phosphorus, Chi a = chlorophyll a, 
TOC = total organic carbon, DO = dissolved oxygen, Turb = turbidity.
Date n o 3
0/M)
n o 2 n h 4+
(/^M)
TON
0*M)
TP
UM )
SRP
teM)
Chi a 
(vr  l'1)
TOC
(^M)
Salinity
%a
DO 
(mg l 1)
Temp
(°C)
Turb
(NTU)
TN:TP
(molar)
7 / 9 3 0.03 0.04 0.78 17.58 0.11 0.04 0.82 185.40 35.5 6.3 31.3 0.80 175.5
8 / 9 3 0.06 0.10 1.17 21.36 0.13 0.04 0.92 150.10 36.9 6.2 30.9 1.83 181.5
9 / 9 3 0.03 0.13 2.41 11.43 0.09 0.02 0.88 118.70 31.3 6.3 31.3 1.46 151.4
10/93 0.03 0.04 0.38 29.97 0.83 0.01 3.77 320.40 36.1 5.9 27.6 6.54 36.7
11/93 0.46 0.66 1.20 15.87 0.18 0.00 1.66 151.00 35.4 7.7 22.1 4.36 102.5
12/93 0.84 3.62 692.90 39.0 6.4 22.2 17.13 50.1
1/94 0.03 0.26 2.61 13.47 0.42 0.04 1.61 246.00 31.2 7.3 20.2 2.67 39.0
2 / 9 4 0.11 0.14 0.98 27.76 2.88 0.04 7.51 253.90 32.9 6.7 20.8 109.2 10.1
3 / 9 4 3.12 0.12 1.55 13.11 0.46 0.15 1.31 626.10 35.5 7.0 22.6 9.26 38.7
4 / 9 4 0.04 0.10 1.11 10.81 0.13 0.04 1.04 99.90 35.9 7.3 25.9 4.31 94.6
5 / 9 4 0.04 0.07 0.72 23.31 0.50 0.03 2.56 380.80 35.2 6.1 29.0 8.51 48.0
6 / 9 4 0.06 0.09 0.66 24.58 0.16 0.00 1.82 36.1 6.5 30.3 6.04 161.2
7 / 9 4 0.06 0.15 0.53 24.14 0.29 0.02 0.29 340.90 37.9 6.3 29.6 3.07 87.3
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Table 2.3. Water quality data, taken at monthly intervals, for Peterson Keys (Station 20, HU sampling program, J. Boyer, pers. 
comm). Data collected in vincinity of Area 2 (present study). Reported values for salinity, dissolved oxygen, and temperature are 
average values of surface and bottom readings. Nov 1994 values are means comprised of three readings. N 03'= nitrate, N 02 = nitrite, 
NH4+= ammonium, TON = total organic nitrogen, TP = total phosphorus, SRP = soluble reactive phosphorus, Chi a = chlorophyll a, 
TOC = total organic carbon, DO = dissolved oxygen, Turb = turbidity.
Date n o 3
0/M)
n o 2(m n h 4+(^M) TONOiM)
TP
(m
SRP
(mM)
Chi a 
(MR 1')
TOC
G/M)
Salinity%0 DO (mg l 1) Temp(°C) Turb(NTU) TN:TP(molar)
7 / 9 3 0.03 0.04 0.53 60.98 0.31 0.03 1.44 619.30 39.0 5.7 31.5 2.18 197.1
8 / 9 3 0.05 0.07 0.60 106.50 0.46 0.07 4.89 1466.00 41.9 5.3 31.2 5.68 233.1
9 / 9 3 0.03 0.10 1.12 64.02 0.25 0.05 3.59 808.60 41.0 6.2 31.9 3.25 263.7
10/93 0.14 0.15 1.72 36.97 0.27 0.00 1.74 366.60 35.2 5.8 28.1 1.23 145.7
11/93 0.03 0.28 0.85 80.00 0.36 0.14 2.85 1024.30 38.5 6.7 22.8 7.08 228.6
12/93 0.21 0.32 2.90 20.37 0.19 0.03 1.37 451.40 36.6 6.4 22.4 3.07 125.2
1/94 0.14 0.26 3.23 38.03 0.37 0.01 2.69 690.60 34.6 7.4 20.6 2.87 113.3
2 / 9 4 0.03 0.12 0.79 60.62 0.47 0.07 2.90 975.40 34.9 7.0 21.2 5.54 130.3
3 / 9 4 0.14 0.10 1.25 61.73 0.53 0.01 2.35 754.40 33.6 7.7 23.3 3.07 119.8
4 / 9 4 0.10 0.12 2.59 26.15 0.08 0.06 0.76 187.10 36.6 7.4 26.6 0.55 351.0
5 / 9 4 0.04 0.07 0.71 46.99 0.09 0.02 1.37 1121.90 37.3 6.8 29.5 2.48 516.9
6 / 9 4 0.10 0.18 1.87 50.39 0.21 0.02 1.62 38.6 6.3 31.1 1.63 256.2
7 / 9 4 0.16 0.13 1.59 45.97 0.24 0.03 0.81 612.70 39.7 6.6 29.9 1.14 201.5
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Appendix 2.1. Taxonomic list of macrophyte species collected in Florida Bay
experimental areas.
Seagrasses
Syringodium filiforme 
Halodule wrightii 
Thalassia testudinum
Chlorophyta (Green Algae)
Ulva sp.
Acetabularia calyculus 
Derbesia sp.
Caulerpa sertularioides 
Caulerpa mexicana 
Caulerpa prolifera 
Caulerpa lanuginosa 
Caulerpa paspaloides 
Caulerpa sp.
Batophora oerstedii 
Valonia aegagropila 
Dictyosphaeria cavernosa 
Avrainvillea nigricans 
Avrainvillea longicaulis 
Udotea flabellum  
Udotea occidentalis 
Rhipocephalus phoenix 
Penicillus capitatus 
Penicillus dumetosus 
Halimeda discoidea 
Halimeda incrassata 
Halimeda monile 
Halimeda opuntia
Phaeophyta (Brown Algae)
Dictyota cervicomis 
ILobophora variegata
Rhodophyta (Red Algae)
ITrichogloea sp.
Hypnea cervicomis 
Digenia simplex 
Laurencia sp.
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Chapter 3
Quantitative description of experimental areas in a Florida Bay 
seagrass/macroalgal community: Habitat characterization and 
molluscan diversity and patterns of distribution
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ABSTRACT
Identifying patterns in abundance, distribution, and diversity o f organisms is an 
essential first step to understanding ecological processes that influence community 
structure. Processes which affect macrobenthic communities may be operating at a variety 
of spatial and temporal scales. Thus, two experimental areas, each comprised of two 
study sites, were selected in separate basins within Everglades National Park, Florida Bay 
to characterize regional differences and to evaluate the relative importance of 
environmental variables in structuring locally observed patterns in gastropod and bivalve 
distributions and diversity. Benthic suction samples, macrophyte above-ground biomass 
samples, and sediment cores were taken at periodic intervals from July 1993 to Aug. 1995 
at each experimental site. The molluscan assemblage is a significant component of the 
epifaunal and infaunal invertebrate community within Florida Bay. Diversity of the 
gastropods (75 species) and bivalves (25 species) was high and comparable to those 
reported from other subtropical and tropical areas in the western Atlantic. Macrophyte 
biomass and sediment composition differed significantly between experimental areas. 
Molluscan diversity was not significantly different between experimental areas, however, 
diversity tended to be higher in Area 1. Several correlations between abundances of 
molluscs, macrophyte biomass, and sediment composition were significant, but few 
illustrated meaningful biological significance. Future research should examine local-scale 
processes in further detail to clarify microhabitat utilization by species within the 
molluscan assemblage. On a regional scale, experimental areas are significantly different 
and represent separate previously designated sub-environments within Florida Bay, based
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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on macrophyte distributions and sediment composition. Patterns in molluscan 
distributions, however, were not as obvious. Higher total diversity in gastropods was 
documented in the experimental areas, representative of just two sub-environments within 
Florida Bay, than was previously reported from the entire Bay ecosystem. Furthermore, 
species previously described as characteristic of three of the four distinct sub­
environments of the Bay, were commonly taken within both experimental areas. Thus, the 
validity of sub-environment delineations within Florida Bay, based on molluscan 
distributions, are questionable. Processes affecting environmental variation in Florida Bay 
appear to be operating on the regional scale given the consistent significant area effects 
throughout the data set. Area differences are likely influenced by the hydrology of the 
ecosystem.
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INTRODUCTION
Identifying patterns in abundance, distribution and diversity o f organisms is an 
essential first step to understanding the processes that influence the structure of these 
communities. A wide variety of factors, both physical and biological, strongly influence 
invertebrate community structure in diverse marine habitats. Biological factors, such as 
competition, predation, and disturbance, both singly and in combination with physical 
factors (e.g., Connell 1961, 1975; Paine 1966; Dayton 1971; Levin and Paine 1974; 
Peterson 1979; Sousa 1979; Menge and Sutherland 1987; Wilson 1991) are primary 
structuring mechanisms within invertebrate communities in marine habitats. Yet 
community parameters of the invertebrate infauna and epifauna, organisms living in close 
association with the vegetation and sediments, may be more closely tied to finer-scaled 
microhabitat characteristics than to community-level interactions. Abundance and 
diversity data were examined to determine the relative importance of several 
environmental factors within experimental areas that may contribute significantly to 
observed patterns in molluscan assemblage structure.
Molluscs are an abundant and diverse component of invertebrate macrobenthic 
communities in subtropical and tropical habitats (e.g., Jackson 1972; Turney and Perkins 
1972; Garcfa-Cubas 1988; this study). Yet comparatively little is known about spatial and 
temporal distributions, species assemblages, and microhabitat preferences for the majority 
of species occurring in these habitats. In Florida Bay, only two previous studies (Turney 
and Perkins 1972; McClanahan 1992) specifically targeted molluscs and their ecological 
distributions. Therefore, many ecological issues for this component of the invertebrate
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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fauna have not been adequately addressed and relationships between molluscs and their 
environment remain largely unquantified.
To this extent, the relative effects of spatial and temporal changes in sediment 
composition and macrophyte biomass on the molluscan assemblage were examined. 
Molluscan assemblages in various habitats respond to spatial and temporal changes in 
sediments (Rhodes and Young 1970; Bloom et al. 1972; Lyons 1989; Dame 1996). 
Likewise, the importance of macrophytes as a structuring factor has been demonstrated by 
increased abundance and diversity of macrofauna in seagrass beds when compared to that 
occurring on bare-sand habitats (e.g., Heck 1979; Zieman 1982; Orth et al. 1984; Heck 
and Crowder 1991). In particular, gastropods responded to variations in vegetation cover 
and macrophyte species composition within seagrass beds (e.g., Lewis and Stoner 1983; 
Stoner and Lewis 1985; Virnstein and Howard 1987; Schneider and Mann 1991).
In light of current ecological disturbances in Florida Bay (see Chapter 2), it is 
important to identify the faunal composition, microhabitat utilization by this fauna, and the 
principal factors influencing their patterns in abundance, diversity and distribution. The 
response of the molluscan assemblage in Florida Bay to variation in environmental 
parameters within experimental areas was examined by correlational analyses. Specific 
objectives were to (1) assess differences in sediment composition and macrophyte richness 
and biomass between experimental areas, (2) produce a taxonomic list of gastropods and 
bivalves collected in benthic suction samples within each area, (3) assess patterns of 
distribution and diversity of gastropod and bivalve molluscs between experimental areas,
(4) assess relationships between environmental variables (sediments and macrophytes),
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and (5) assess relationships between environmental variables and molluscan species. 
METHODS
Two experimental areas were examined within Everglades National Park in 
separate sub-environments or communities based on previous designations (Turney and 
Perkins 1972; Zieman et al. 1989; Holmquist et al. 1989; Sogard et al. 1989; J. Boyer 
pers. comm.). The two areas were situated approximately 12 km apart in separate basins 
within Florida Bay, and were delineated by seagrass-covered sand banks, thereby limiting 
faunal exchange between experimental areas. Four experimental sites were then created 
(Figure 3.1): two sites (ARBI and ARB2) in an area characterized by high diversity and 
biomass of macrophytes, fine sediments, low concentrations of nitrogen, and high 
concentrations of phosphorous, and two sites (PK and BK) in an area characterized by 
low macrophyte biomass and diversity, coarse sediments, and high concentrations of 
nitrogen and low concentrations of phosphorous. Each of the two replicate sites within an 
area covered approximately 2.4 ha and was at least 1 km distant from the other site to 
eliminate interaction between sites.
Data for this investigation were collected as part of an experiment designed to test 
the impacts of benthic predators on macrobenthic community structure (Chapter 4). 
Treatments (N = 4) were designed to manipulate predators and had no significant effect on 
macrobenthic abundances or species richness (Chapter 4), therefore, benthic samples were 
collapsed across the four shelter treatments. Since predation effects were nonsignificant 
(Chapter 4), habitat characteristics were hypothesized as being important factors
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influencing spatial and temporal distribution and abundance of gastropod and bivalve 
molluscs. Thus, the molluscan component o f samples collected during the predation 
experiment were further analyzed to examine these relationships as well as diversity 
patterns with sediment composition and above-ground macrophyte biomass.
During each sampling date a suite of data was collected to characterize the 
macrobenthic assemblage, sediment composition, and seagrass and macroalgal biomass. 
Time zero samples were collected at the start of the experiment (July 1993). Sampling 
occurred quarterly for the first year (Nov. 1993, Feb. 1994, May 1994, Aug. 1994), and 
then biannually (Feb. 1995, Aug. 1995) thereafter.
To assess macrobenthic invertebrate abundance and taxonomic composition, four 
replicate benthic suction samples were taken at random locations within each site. Benthic 
suction sampling procedure was a modification of methods used by Orth and van 
Montfrans (1987). Each sample consisted of a 30 sec duration suction which collected 
sediment, vegetation, and organisms from a 0.05 m2 area (a 25.4-cm diameter sampling 
ring, fitted with a 1-mm mesh top to prevent escape of mobile organisms) and deposited 
the sample in a 1-mm mesh bag. Samples were then sieved through 2-mm wire mesh to 
eliminate the majority of sand and shell hash. The remaining sample was frozen in a 
freezer bag for later sorting. Samples were visually sorted in the laboratory; all 
gastropods and bivalves which were alive at the time of collection were enumerated, 
retained and preserved in 10% formalin and subsequently transferred to 70% ethanol for 
long term storage. Gastropod shells were carefully examined to ensure that a gastropod 
was actually residing in the shell. Presence of an operculum was the best evidence, but,
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when necessary, the lip of the shell was broken to verify gastropod presence within the 
shell. Empty shells were not included in the analysis.
Molluscs were later identified to the lowest taxonomic level possible using 
authoritative keys and comparative material housed at the Delaware Museum of Natural 
History, Wilmington, DE, and the Division of Molluscs, National Museum of Natural 
History, Smithsonian Institution, Washington, D.C. The majority of identifications were 
verified by collaborative exchange with expert taxonomists (P. Mikkelsen) formerly at the 
Delaware Museum of Natural History and (D. Tippett) the National Museum of Natural 
History, Smithsonian Institution. Voucher specimens were retained for future reference.
To characterize area-specific macrophyte relationships within each habitat and to 
determine temporal changes in seagrass-macroalgal biomass, an above-ground biomass 
sample was collected each sampling period. Biomass samples were collected randomly 
and near the location of benthic suction samples. Since sites were repeatedly sampled 
over time, it was imperative to collect biomass samples in an area that would not overlap 
any possible location where future benthic suction samples might be taken. All seagrasses 
and macroalgae were carefully removed from within a 0.25 m2 quadrate at the sediment- 
water interface, placed in a plastic bag, and frozen prior to processing. Samples were later 
thawed, rinsed in fresh water to remove any sand and shell hash, and the macrophytes 
identified to lowest taxonomic level possible using Littler et al. (1989). Seagrass blades 
and calcareous algal fronds were then scraped with a microscope slide to remove 
epiphytes. Each taxonomic group was then rinsed again in fresh water and patted dry 
before wet weights were obtained. Samples were then transferred to a 50°C drying oven
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for at least 48 hrs or until a constant dry weight was obtained. Dry weight data were then 
used to calculate macrophyte biomass (gdwt • m‘2).
Sediment samples were collected and analyzed to characterize habitats and to 
detect temporal changes in sediment composition. A single core was collected in the 
vicinity of the above-ground biomass sample. Although the core (13.5cm x 3.2 cm 
diameter) was manually pushed into the sediment as far as possible, the underlying 
limestone base was often prevented penetration deeper than 5 cm. Sediment samples were 
bagged and refrigerated until processing. Procedures for sediment processing were 
adapted from methods outlined in Folk (1980). Percentages o f gravel, sand, and fines 
(including silt and clay fractions) for each sample were calculated.
Statistical Analysis
A total of 112 suction samples was analyzed, with four benthic suction samples at 
each experimental site per sampling date. Sediment and above-ground biomass samples, 
corresponding to the randomly selected samples, were processed.
Interpretation of differences at the level of Area is the most valid spatial scale for 
this investigation since regional differences in macrophyte biomass and sediment 
composition have been reported previously (Holmquist et al. 1989; Zieman et al. 1989). 
The four biomass and sediment samples collected from each site were nested within each 
site. Site means were used in statistical analyses. Biomass and sediment data were 
analyzed using a repeated measures analysis o f variance model. Three biomass categories 
(total, seagrass, and macroalgae) and three sediment categories (proportions of gravel, 
sand, and fines) were treated as independent variables. Tests of significance of the main
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effect of Area (Area 1 and Area 2) were based on a factorial design with two replicates 
[site(area)] repeated over time. Area was considered a fixed effect and site as random 
and nested within area. Tests of the main effect of Area used the experimental error due 
to the replicates rather than the overall experimental error. Time and its interaction with 
Area were evaluated using the overall experimental error term. Total, seagrass and 
macroalgal biomass estimates were ln-transformed, whereas sediment fraction proportions 
were arc-sine, square-root transformed to stabilize the variances.
Diversity
Macrobenthic samples were pooled (N = 4) within a study site to obtain an 
estimate of molluscan diversity for each sampling period and location. Plots of number of 
new species versus sample number for each sampling period reached an asymptote in all 
cases. Rank abundance plots were constructed and examined to determine the appropriate 
species abundance model. Initially log series a, as recommended by Magurran (1988), 
was used to estimate diversity. However, given the limitations in the data set of the 
present study, log series a was deemed inappropriate following the logic of Hayek and 
Buzas (1-997). Therefore, species diversity among molluscs at each site over the course of 
the experiment was estimated using more conventional indices such as Shannon (H') and 
Simpson (A) diversity indices and Pielou’s E (evenness). A program developed by Y. Park 
(Pusan Univ., Korea) was used for these calculations.
Since the majority of molluscan species were relatively rare, an importance value 
(modified from Krebs 1994), was calculated for each taxon. Relative abundance, relative 
frequency of occurrence, and mean density per occurrence were summed to create an
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index to assess the relative contribution of each taxon to the overall composition of the 
molluscan assemblage. Further analyses were conducted on the top five species of both 
gastropods and bivalves (i.e., species with the highest importance values) using principal 
components analysis to examine relationships between abundances o f molluscs and the 
physical environment in this system.
Multivariate techniques such as principal component analysis and multidimensional 
scaling are recommended for describing variability between ecological samples and to 
determine relationships between variables of interest (Warwick and Clarke 1991;
Schneider and Mann 1991). These methods, however, were not useful for these data. 
Variation within the data could not be described adequately with a reduced number of 
variables (i.e., principal components), nor could sample separation along either PCA or 
MDS axes be interpreted with ease. Therefore, Pearson correlations between mollusc 
abundances and environmental variables were calculated to determine significant 
relationships between variables.
RESULTS
Sediments
Sediment composition varied significantly between the experimental areas (Figure
3.2). There was a significantly higher proportion of fines in Area 1 sediments than in 
those of Area 2 (Table 3.1; mean proportion ± SE; 0.23 ± 0.03 and 0.06 ± 0.01 for Area 1 
and Area 2 respectively). Mean proportion of fine sediments also varied significantly over 
time (Table 3.1 A). Aug 1995 sediments contained a significantly higher mean proportion
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of fines than any other sampling date; all other sampling dates did not differ significantly 
(SNK p<0.05). Although both experimental areas had a high sand fraction (0.64 ± 0.02 
and 0.77 ± 0.02 for Area 1 and Area 2, respectively), significantly higher mean 
proportions of sand were measured in Area 2 than in Area 1 (Table 3.1 B). Proportions of 
gravel in Area 2 sediments tended to be higher than corresponding values in Area 1 
(Figure 3.2 C), although these did not differ significantly (Table 3.1 C). Thus, sediments 
were finer in Area 1 than in Area 2.
Macrophyte Species Richness, Composition and Above-ground biomass
A  total of 32 species of macrophytes were collected during the experiment. Four 
macrophyte species were common and ubiquitous to both experimental areas: Thalassia 
testudinum, Penicillus capitatus, Halimeda incrassata, and Laurencia sp. Macrophyte 
richness was consistently higher in Area 1 than Area 2 (Figure 3.3). Of the 32 species of 
macrophytes, 27 were observed at least once in Area 1 (3 species of seagrasses, 20 species 
of green algae, 4 species of red algae; Table 3.2). Ail three species of seagrasses common 
to Florida Bay (T. testudinum, Halodule wrightii, and Syringodium filiforme) were 
abundant in Area 1. Thalassia testudinum and H. wrightii were present at both sites in 
Area 1 at each sampling period, whereas 5. filiforme was collected in 71 % (5/7 
composite samples) o f samples in ARB 1 and 57 % (4/7) of ARB2 samples. Additionally, 
nine species of macrophytes were unique to Area 1. These included 5. filiforme, seven 
green algae (Halimeda discoidea, H. opuntia, Udotea occidentalis, Avrainvillea 
nigricans, Caulerpa mexicana, C. prolifera, and Valonia aegagropila) and a red alga
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tentatively identified as Trichogloea sp. Nine additional macrophytes were more common 
and abundant in Area 1 than in Area 2: H. wrightii, 6 species of green algae (Penicillus 
dumetosus, Rhipocephalus phoenix, Halimeda monile, Udotea flabellum, Avrainvillea 
longicaulis, and Caulerpa lanuginosa) and two of red algae (Digenia simplex and 
Hypnea cervicomis). Brown algae, comprised mostly of Dictyota cervicomis, occurred 
occasionally and in relatively small amounts in Area 1 (0.003-1.171 gdwt-m'2).
In contrast, the macrophyte assemblage (21 species) of Area 2 was comprised of 
only 2 species of seagrasses, 16 species of green algae, and 3 species of red algae (Table
3.2). Of the seagrasses, only T. testudinum was common in this area and present in all 
samples at both sites; H. wrightii was rare, occurring only once in each site (Feb 95; Table
3.2). Three species of green algae unique to Area 2 were Derbesia sp., Dictyosphaeria 
cavernosa, and Caulerpa paspaloides. Of the green algae reported from both areas, only 
Batophora oerstedii was more common and abundant in Area 2.
Total macrophyte species richness (Table 3.3) ranged from 7 to 20 species per 
pooled quadrats within each site-sampling period combination with richness being 
consistently higher in Area 1 than in Area 2 throughout the experiment. Of all the 
macrophytes, green algae were the most diverse in both areas and accounted for 45-75 % 
of the total species richness. No seasonality in patterns of richness were apparent in either 
area (Table 3.3) indicating that the macrophyte community was persistent and speciose 
throughout the year.
In general, highest biomass values were recorded for green algae, followed by that 
for seagrasses, with smaller contributions by red algae (Table 3.4). Only trace amounts of
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brown algae occurred at any of the study sites. Dominant species, i.e., those ranked first 
or second by weight, in Area 1 included P. capitatus (dominant species in 27/112 biomass 
samples), H. incrassata (24/112), and T. testudinum (23/112), whereas H. incrassata was 
the overwhelming dominant species in Area 2 (36/112 vs 27/112 for T. testudinum).
Differences between areas for mean total biomass were significant (Table 3.5 A), 
with Area 1 supporting higher amounts of above-ground biomass (128.5 ± 16.3 gdwt • m' 
2) than Area 2 (46.2 ± 17.3 gdwt • m‘2). Biomass of seagrasses ranged from 0.5 (Feb 95) 
to 79.3 gdwt • m'2 (Jul 93). Seasonal cycles were evident with maxima in summer 
sampling periods (Table 3.4). Values were comparable for all three summer sampling 
periods for sites in Area 1, whereas in Area 2, macrophyte biomass was highest (79.3 and 
57.7 gdwt • m'2) in Jul 93 with substantially lower values thereafter. Mean biomass of 
seagrasses was significantly greater in Area 1 than Area 2 (overall mean ± SE, 26.6 ± 5.5 
gdwt- m'2 and 15.2 ± 6.2 gdwt • m'2, respectively; Table 3.5 B). For green algae, biomass 
ranged from 2.7 (Feb 95) to 216.6 gdwt • m‘2 (Jul 93). Seasonally, the highest biomass 
was during summer in Area 1. In contrast, no clear seasonal trends in biomass of green 
algae were apparent in Area 2, where biomass of green algae was lowest. Red algal 
biomass ranged from 0.4 (Feb 94) to 41.1 gdwt • m"2 (Jul 93), with no seasonal trends in 
either area. Algal biomass was not significantly different between areas (Table 3.5 C), 
although mean algal biomass was much higher in Area 1 than in Area 2 (102.0 ± 14.5 
gdwt • m'2 versus 31.0 ± 11.9 gdwt • m'2, respectively). High inter-site variability for algae 
within an area, however, overshadowed significant differences in biomass of these 
macrophytes between areas. Thus, Area 1 had significantly higher mean biomass o f total
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macrophytes and seagrasses than did Area 2 (Table 3.5 A, B).
Highest biomass in all sites occurred at the beginning o f the experiment. At ARBI 
and ARB2, macrophyte biomass at the end o f the experimental period was only about 
60% of that recorded in Jul 1993. In Area 2, macrophyte biomass declined the sharpest.
At BK, total biomass at the end of the experimental period was only 32% of the initial 
value, whereas at PK total macrophyte biomass had fallen to only 16% of the original 
biomass.
Molluscan Diversity
The overall richness of molluscan species was relatively high in the Florida Bay 
seagrass-macroalgal system under investigation. A total of 75 taxa, most identified to 
species level, of gastropods and 25 taxa of bivalves were collected in benthic suction 
samples at the study sites (Appendix 3.1). At least 24 families of gastropods and 14 
families of bivalves were represented in collections. Although the molluscan assemblage 
was speciose, relative abundances of most gastropods were quite low with 35% of species 
(26/75 species) collected only once or twice during the experiment. Similarly, 20% of 
bivalves (5/25 species) were also considered rare. Rank abundance curves for both 
gastropods and bivalves within an area (Figures 3.4-3.5) reiterated that few species were 
abundant and that most species were relatively uncommon. Rank abundance curves were 
best described by the log series distribution (chi-square; p >  0.05).
Gastropods (Table 3.6). Twenty-one taxa accounted for 80% of the individuals. 
Frequency of occurrence, the number of times individuals o f a particular taxon were
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present in a sample (Nmiw = 112), ranged from 0 to 63 occurrences with 43 taxa (57%) 
represented five or fewer times. Only two of 112 (ca 2 %) samples did not contain 
gastropods. Overall, gastropods tended to occur either singly or in small groups with 
relative densities usually less than 2.5 individuals per 0.05 m2 (ca 50 / m2). In only two 
cases did relative densities exceed 3 per 0.05 m2, suggesting an aggregation. Five 
individuals of Crepidula aculeata were collected in one sample (relative density = 5.0), 
whereas Rissoina cancellata was collected in three samples with 1,10, and 13 individuals 
(relative density = 8.0/sample), respectively. On average, the mean relative density of 
gastropods per sample was 7.9 individuals. Of the individual species, Nassarius albus was 
the most abundant gastropod (n = 141 individuals), had the highest relative frequency 
(occurring in over half of samples), and yet this species accounted for only 20% of the 
total number of individuals. The next most abundant species, Pilsbryspira leucocyma (n = 
75), accounted for 8.5% of total individuals and occurred in 36% of samples at a relative 
density of approximately 2 (x = 1.9) individuals/sample.
Nassarius albus was the only species collected from both experimental areas. Of 
those species occurring in at least 25% of the samples, five additional species were 
considered ubiquitous (i.e., collected in each experimental area during the majority of 
sampling periods). These included: Cerithium ebumeum, Cerodrillia perryae, Conus 
jaspideus, Pilsbryspira leucocyma, and Pyrgospira tampaensis. Nine taxa (Turbo 
castanea, Costoanachis catenata, Astralium phoebia, Lithopoma tecta, Latirus 
cariniferus, Cylindrobulla n.sp., Costoanachis semiplicata, Pyramidellidae, and limpets) 
were collected only in Area 1. An additional six species, including Bulla striata,
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Columbella rusticoides, Modulus modulus, Crassispira cubana, Tegula fasciata, 
Cosmioconcha nitens, and Crassispira apicata, were more common in Area 1 than in 
Area 2. Only three species, Cerithium muscarum, Favartia cellulosa, and Murexiella 
macgintyi, occurred more frequently in Area 2 than in Area 1.
Species diversity (calculated from pooled samples) measurements within each 
experimental area were more heavily influenced by the richness rather than by the 
dominance component of the estimate. All estimates of evenness approached 1 (Table 
3.7) indicating an absence of numerical dominants. Simpson’s index (X) ranged from 0.05 
to 0.28. Although values for this index were comparable between areas, Area 1, in 
particular site ARBI, consistently had a greater diversity of gastropods based on this 
index. Therefore, the probability that two individuals belonged to the same species was 
lower in Area 1 than in Area 2. Estimates of diversity, biased toward species richness 
rather than dominance, also indicated differences in diversity between areas. Although not 
statistically significant (Table 3.8), Area 1 sites tended to have higher values for H' than 
did Area 2 sites (Table 3.7). Thus, Area 1 supported a slightly more diverse gastropod 
fauna than did Area 2.
Bivalves (Table 3.9). Frequency of occurrences of bivalve species ranged from 0 
to 56 occurrences (N = 112 samples), with 10 species (40% of total species) occurring in 
five or fewer samples. Only seven of 112 (ca 6%) samples did not contain bivalves.
Similar to the gastropods, bivalves tended to occur either singly or in small groups with 
relative densities less than 2.5 individuals per species in a sample. On average, the mean 
relative density of bivalves per sample was 30 individuals. Of the bivalve species,
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Hormomya exusta was numerically dominant (n = 2942 individuals), accounting for 
approximately 88% of all bivalves collected. This species occurred in half o f all samples 
and at high relative densities (52.5 individuals/sample ~ 1050/m2). By comparison, all 
other bivalve species were rare. Codakia orbiculata (n = 75) and Tellina lineata (n = 71) 
were collected in numbers comparable with those of the relatively abundant gastropods. 
These two species were represented in approximately 40 % and 30 % of samples, 
respectively, and at relative densities of approximately 2 individuals per sample.
Codakia orbiculata was the only bivalve collected in both experimental areas 
during each sampling period. Of the 25 species occurring in at least 25% of the samples, 
only Tellina lineata was considered ubiquitous (i.e., collected in each experimental area 
during the majority of sampling periods). Lucina nassula and Modiolus modiolus were 
only observed in Area 1, with one additional species (Chione cancellata) more common in 
Area 1 than in Area 2. In contrast, Hormomya exusta, Transennella conradina, Pinctada 
imbricata and Abra aequalis were more common in Area 2 than in Area 1.
In contrast to gastropod diversity, bivalve diversity was significantly affected by a 
numerically dominant species, the mussel Hormomya exusta. Evenness was much lower 
in Area 2 where mussel abundances were highest than in Area 1 (E = 0.06-0.34 in Area 2 
versus 0.57-0.97 in Area 1; Table 3.10). Lowest values of E reflected sampling periods 
where mussel abundances were highest. Simpson’s index, which is heavily weighted 
towards the most abundant species (Magurran 1988), corroborates the result derived from 
values of E. Lowest evenness values (i.e., high dominance) correspond to values of 
Simpson’s index which approach one (i.e., the probability o f two individuals chosen at
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random belonging to the same species is high). Overall, although not statistically 
significant (Table 3.11), Shannon’s index of diversity was low suggesting that the bivalve 
assemblages in the experimental areas occurred in rather low diversities. Values of H ' 
tended to be higher in Area 1 than in Area 2, particularly when mussels were abundant.
Ecological Relationships
Sediment composition versus macrophyte biomass. Relationships between 
sediment composition and macrophyte biomass were not obvious and did not reflect 
patterns of higher macrophyte biomass in depositional areas due to trapping of sediments 
by the vegetation (i.e, areas with higher proportions of fine sediments). Higher 
proportions of fine sediments did not necessarily correspond to greater seagrass or 
macroalgal biomass in either area (Figures 3.6-3.8). For example, although proportional 
composition of fine sediments tended to be higher during August sampling periods than at 
other times of the year, a corresponding seasonal peak in macrophyte biomass in Area 1 
was not apparent. Comparable amounts of macrophyte biomass were observed in 
association with sediments containing a considerably smaller fraction of fine sediments. 
Furthermore, macrophytes did not follow a seasonal cycle in Area 2 (e.g., Figure 3.6 B), 
but instead declined substantially after the start of the experiment with little evidence of 
subsequent recovery. Proportions of gravel decreased in both areas after peaking in Feb 
1994 and Nov 1993 in Area 1 and Area 2, respectively. Proportional composition of sand 
remained relatively constant throughout the experiment (Figure 3.6). Thus, patterns in 
macrophyte biomass were apparently unrelated to sediment composition.
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Seagrass biomass versus algal biomass. Variation in seagrass and algal biomass 
estimates did not follow similar or diametrical patterns (Figure 3.9). Seagrass biomass 
followed a seasonal pattern with higher values recorded during summer periods, whereas 
macroalgal biomass declined considerably once the experiment began, after which algal 
abundances remained relatively constant for the remainder of the investigation.
Sediment composition versus gastropod abundances. Few patterns could be 
detected between sediment composition and gastropod abundances (Figures 3.10-3.12). 
Within Area 1, no relationships were apparent between gastropod abundances and any 
sediment fraction (Figures 3.10-3.12 A). Comparable numbers of gastropods 
corresponded to considerably different proportional compositions of each sediment 
fraction. Similarly, gastropod abundance was not related to the sand and fine fractions of 
the sediments in Area 2 (Figures 3.10 B and 3.11 B). A slight decrease in proportional 
composition of gravel in Area 2, however, corresponded to a slight decline in gastropod 
abundance (Figure 3.12 B).
Sediment composition versus bivalve abundances. Few patterns could be detected 
between sediment composition and bivalve abundances (Figure 3.13-3.15). Since 
recruitment of mussels {Hormomya exusta) caused extremely high abundances of bivalves 
at certain times, data were examined exclusive of mussels so any inherent patterns would 
be more apparent. Patterns between bivalve abundances inclusive of mussels were 
comparable to those depicted, however. Within Area 1, no relationships were apparent 
between bivalve abundances and any sediment fraction (Figures 3.13-3.15 A).
Comparable numbers of bivalves corresponded to considerably different proportional
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compositions of each sediment fraction. Similarly, bivalve abundances were not 
influenced by the proportional composition o f gravel and fine fractions of the sediments in 
Area 2 (Figures 3.15 B, and 3.13 B), although lower bivalve abundances tended to 
correspond to higher proportions o f sand in Area 2 (Figure 3.14 B).
Macrophyte biomass versus gastropod abundances and diversity. No obvious 
relationships between gastropod abundance and above-ground biomass of either 
seagrasses or macroalgae were apparent (Figures 3.16-3.17). Algal and seagrass biomass 
estimates in Area 1 were slightly higher during summer sampling periods than during 
winter months, whereas gastropod density showed no seasonal changes in abundance 
patterns (compare Figures 3.16 A, 3.17 A). Lowest gastropod densities were observed 
during summer sampling periods, however, estimates throughout the study were variable. 
Additionally, gastropod diversity (estimated using Shannon’s index) did not appear to be 
related to algal biomass either. Diversity remained relatively high throughout the duration 
of the experiment (Figure 3.18 A) regardless of fluctuations in algal biomass.
In contrast, Area 2 algal and seagrass biomasses declined drastically between the 
Jul 93 and Nov 93 sampling periods, then persisted at relatively low densities throughout 
the remainder of the experiment (see Figures 3.16 B, 3.17 B). In Area 2, gastropod 
abundances increased between Jul 93 and Feb 94 then gradually declined, although total 
numbers of gastropods remained at relatively high levels (Figures 3.16 B, 3.17 B).
Patterns of gastropod diversity in this area in relation to algal biomass were similar to 
those observed in Area 1. Diversity estimates remained fairly constant throughout the 
duration of the experiment (Figure 3.18 B) despite the order-of-magnitude change in algal
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biomass.
Macrophyte biomass versus bivalve abundances and diversity. Above-ground 
biomasses o f seagrasses and macroalgae and bivalve abundances demonstrated a weak 
inverse relationship, particularly in Area 1 (see Figures 3.19 A, 3.20 A). Peak abundances 
of bivalves (February sampling periods) tended to correspond with lower macroalgal and 
seagrass biomass, whereas greater biomass corresponded with lower bivalve abundances. 
No relationship between biomass and bivalve abundances were apparent in Area 2 
although seagrass and algal biomass in Area 2 declined considerably after the first 
sampling period. Peak abundance of bivalves in this area occurred later in Feb 94, 
followed by a substantial decline in numbers thereafter (see Figures 3.19 B, 3.20 B). 
Additionally, patterns in bivalve species diversity (estimated by Shannon’s index) were not 
related to algal biomass (Figure 3.21). Diversity estimates in Area 1 were comparable 
throughout the duration of the experiment, whereas in Area 2, diversity was highest in the 
summer months but apparently were not influenced by algal biomass abundance in either 
area.
Since patterns in bivalve abundance were most likely biased by the recruitment of 
the mussel Hormomya exusta, relationships between bivalve abundance, exclusive of 
mussels, and algal biomass were examined also. Area 1 showed a similar pattern, albeit 
not as dramatic as those depicted for bivalves inclusive o f mussels, with higher bivalve 
abundances corresponding to lower algal biomass (Figure 3.22 A). Abundances of 
bivalves, exclusive of mussels, declined in Area 2 between Jul 93 and Feb 94, remained 
relatively constant, were increased slightly in Feb 95 and subsequently declined in Aug 95
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(Figure 3.22B). Thus, patterns in bivalve abundance in relation to algal biomass remain 
equivocal.
Correlations. Combining abundance data into broad categories such as total 
gastropods and total bivalves, could potentially mask responses of individual species to 
changes in macrophyte biomass or composition. Correlations between individual 
gastropod and bivalve species and environmental variables, therefore, were examined 
separately, within each area, to attempt to distinguish any responses inherent to these 
individual species. The top ranked gastropods, based on importance index scores, were 
Nassarius albus, Pilsbryspira leucocyma, Cerithium ebumeum, Conus jaspideus, and 
Rissoina cancellata. The top ranked bivalves were Hormomya exusta, Codakia 
orbiculata, Tellina lineata, Lucina nassula, and Transennella stimpsoni. Relationships 
between these molluscan species and sediment composition and above-ground macrophyte 
biomass were not readily discernible. No patterns of relationship were obvious for most 
species in either area. In Area 1, the gastropod C. ebumeum was positively correlated 
with Laurencia\ no other correlations with gastropods in this area were significant 
(Appendix 3.2 A). In Area 2, N. albus was positively correlated with sand and Halodule 
wrightii, and negatively correlated with Halimeda incrassata, while P. leucocyma was 
positively correlated with H. wrightii (Appendix 3.2 B). For bivalves, considerably more 
relationships were statistically significant. In Area 1, the mussel H. exusta was positively 
correlated with gravel, miscellaneous species of green algae, and the red alga Digenia 
simplex, while T. lineata was positively correlated with the seagrass Syringodium 
filiforme (Appendix 3.2 C). Codakia orbiculata and T. stimpsoni were negatively
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correlated with Penicillus capitatus (Appendix 3.2 C). Tellina lineata in Area 2 was 
highly correlated positively with P. capitatus, P. dumetosus, H. incrassata, Laurencia sp., 
and miscellaneous red algae (Appendix 3.2 D). Positive correlations were also significant 
between H. exusta and D. simplex and T. stimpsoni and gravel in Area 2 (Appendix 3.2 
D).
Despite the occurrence of a few statistically significant positive correlations, only 
three correlations appear to be biologically meaningful. Tellin clams, such as T. lineata, 
feed on algal detritus (Abbott 1986), thus a positive correlation between T. lineata and 
several categories of algae in Area 2 seems reasonable from the predator-prey perspective. 
Nassarius albus, positively correlated with sand in Area 2, is found in sandy habitats, 
whereas H. exusta, positively correlated with gravel in Area 1, is an epifaunal bivalve 
which attaches to rocks and other hard substrates with byssal threads. These two species, 
therefore, are correlated with elements indicative of their habitat characteristics.
Otherwise, the biological significance o f the statistically significant Pearson correlation 
coefficients (Appendix 3.2 A-D) remains equivocal and is not readily apparent. The 
majority-of these correlations appear spurious. Relationships between these molluscan 
species and environmental variables were seldom similar between areas and in some cases 
were contradictory between areas. Positive correlations derived in one area were 
frequently negative in the other area. In some cases, biomass and abundance data were so 
highly variable that significant correlations were a function of an extreme value in one of 
the variables under consideration and not indicative of any biological relationship. Since 
total number o f  individuals representing any particular species was low, significant results
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in these correlation analyses should, therefore, be viewed with caution. For example, in 
Area 2, N. albus and P. leucocyma were positively correlated with Halodule wrightii, yet 
H. wrightii was rare in Area 2 and this seagrass was collected during only one sampling 
period. Furthermore, significant correlations that make biological sense were not 
consistently observed for the same species and factors in both areas. For example, T. 
lineata feeds on algal detritus and had significant positive correlations with several 
categories of algae in Area 2, yet these relationships were not observed for this species in 
Area 1.
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Table 3.1. Repeated measures analysis o f variance for sediment composition (mean 
proportions of gravel, sand, and fine fractions per site per sampling period). Site(Area) 
mean square was used as the error term in determining significance of Area main effect. 
All other factors were tested with experimental mean square error as the error term. Data 
are arc-sine transformed.
A. Fines
Source df Sum of Squares Mean Square F value p value
Area 1 0.2228 0.2228 122.60 0.008**
Site(Area) 2 0.0036 0.0018
Sampling Period 6 0.2426 0.0404 5.66 0.005**
Sampling Period x Area 6 0.0451 0.0075 1.05 0.440
Error 12 0.0858 0.0072
Total 27 0.5999
B. Sand
Source df Sum of Squares Mean Square F value p value
Area 1 0.2096 0.2096 30.95 0.031*
Site(Area) 2 0.0136 0.0068
Sampling Period 6 0.1267 0.0211 0.89 0.531
Sampling Period x Area 6 0.0528 0.0088 0.37 0.884
Error 12 0.2844 0.0237
Total 27 0.6870
C. Gravel
Source df Sum of Squares Mean Square F value p value
Area 1 0.0153 0.0153 3.20 0.215
Site(Area) 2 0.0096 0.0048
Sampling Period 6 0.0662 0.0110 2.04 0.138
Sampling Period x Area 6 0.0269 0.0045 0.83 0.568
Error 12 0.0648 0.0054
Total 27 0.1827
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Table 3.2. Frequency of occurrence of macrophytes collected in biomass samples (n = 4 
samples per site per sampling period) at experimental areas July 1993-August 1995. 
Study sites are ARB 1 and ARB2 located within Area 1 and PK and BK within Area 2. 
Abundant = represented in £ 50% of samples; Common = 25-49 %; Occasional = 10-24 
%; Rare = < 10%; Absent = species not collected in during the experiment.
Area 1 Area 2
Macrophyte Species ARBI ARB2 PK BK
Seagrasses:
Thalassia testudinum Abundant Abundant Abundant Abundant
Halodule wrightii Abundant Abundant Rare Rare
Syringodium filiforme Abundant Common Absent Absent
Green Algae:
Penicillus capitatus Abundant Abundant Abundant Abundant
Penicillus dumetosus Common Common Rare Absent
Rhipocephalus phoenix Occasional Occasional Occasional Absent
Halimeda incrassata Abundant Abundant Abundant Abundant
Halimeda monile Common Common Occasional Rare
Halimeda discoidea Rare Rare Absent Absent
Halimeda opuntia Occasional Absent Absent Absent
Ulva sp. Common Common Rare Common
Udotea flabellum Occasional Common Rare Absent
Udotea occidentalis Rare Absent Absent Absent
Avrainvillea longicaulis Occasional Rare Rare Absent
Avrainvillea nigricans Occasional Absent Absent Absent
Acetabularia calyculus Common Common Occasional Occasional
Batophora oerstedii Rare Absent Abundant Common
Caulerpa sertularioides Absent Occasional Rare Absent
Caulerpa mexicana Rare Rare Absent Absent
Caulerpa prolifera Rare Occasional Absent Absent
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Area 1 Area 2
Macrophyte Species ARBI ARB2 PK BK
Caulerpa lanuginosa Common Common Rare Occasional
Caulerpa paspaloides Absent Absent Rare Absent
Caulerpa sp. Occasional Occasional Rare Absent
Valonia aegagropila Rare Rare Absent Absent
Dictyosphaeria
cavernosa Absent Absent Rare Rare
Derbesia sp. Absent Absent Occasional Common
Red Algae:
Laurencia sp. Abundant Abundant Abundant Abundant
Digenia simplex Abundant Common Occasional Absent
Hypnea cervicomis Common Common Occasional Rare
ITrichogloea sp. Occasional Rare Absent Absent
Brown Algae:
Dictyota cervicomis Occasional Occasional Absent Absent
ILobophora variegata Rare Absent Absent Absent
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Table 3.3. Macrophyte species richness (S) observed at each site during the experiment. 
Richness estimate represents results for pooled samples (n = 4) per site per sampling 
period. Two species of brown algae were also included in total richness estimates, but 
because they occurred only infrequently they were not listed as a separate category.
Site Jul
1993
Nov
1993
Sampling Period
Feb May Aug 
1994 1994 1994
Feb
1995
Aug
1995
SEAGRASS
ARBI 2 2 3 3 3 3 3
AREA 1
ARB2 3 2 3 2 3 2 3
PK 1 1 1 1 1 2 1
AREA 2
BK 1 1 1 1 1 2 1
GREEN ALGAE 
ARBI 7 7 9 12 13 7 10
AREA 1
ARB2 5 6 7 9 11 11 12
PK 6 6 6 5 6 7 7
AREA 2
BK 5 6 5 6 6 6 5
RED ALGAE
ARBI 2 2 3 4 3 3 4
AREA 1
ARB2 3 1 4 3 2 2 3
PK 2 2 2 1 3 2 2
AREA 2
BK 1 1 1 1 1 1 2
TOTAL RICHNESS 
ARBI 13 11 15 20 19 13 18
AREA 1
ARB2 11 9 14 15 17 15 19
PK 9 9 9 7 10 11 10
AREA 2
BK 7 8 7 8 8 9 8
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Table 3.4. Mean above-ground macrophyte biomass (g dwt-m'2) collected from each site 
over duration of experiment. Estimates represent results for pooled samples (n = 4) per 
site per sampling period. Brown algae contributed only minimal amounts to total biomass 
estimates, therefore, brown algae were not listed in a separate category.
Site Jul
1993
Nov
1993
Sampling Period
Feb May Aug 
1994 1994 1994
Feb
1995
Aug
1995
SEAGRASS
ARBI 16.8 5.2 3.5 40.9 28.0 24.3 66.4
AREA 1
ARB2 69.7 8.0 14.3 18.7 28.7 7.4 46.8
PK 79.3 5.6 9.5 3.6 4.6 0.5 15.0
AREA 2
BK 57.7 1.8 6.5 6.7 5.2 5.9 11.6
GREEN ALGAE
ARBI 216.6 47.5 87.0 68.4 118.7 30.6 85.3
AREA 1
ARB2 144.3 45.9 63.5 105.4 86.1 64.3 72.0
PK 140.3 19.2 26.9 19.1 19.9 8.3 23.4
AREA 2
BK 17.7 3.4 34.7 10.8 4.3 2.7 10.0
RED ALGAE
ARBI 39.3 12.7 29.2 24.9 4.7 0.6 17.2
AREA 1
ARB2 5.7 26.7 0.4 13.7 2.3 0.3 5.7
PK 41.1 22.7 2.9 2.3 0.8 3.2 2.1
AREA 2
BK 3.4 2.7 1.1 2.3 2.0 3.0 3.4
TOTAL BIOMASS
ARBI 273.2 65.3 119.7 138.9 151.3 55.5 170.1
AREA 1
ARB2 219.7 80.6 78.1 140.2 117.0 71.9 124.8
PK 260.6 47.5 39.2 25.0 25.3 11.9 40.5
AREA 2
BK 78.7 8.0 42.2 19.8 11.5 11.6 24.9
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Table 3.5. Repeated measures analysis of variance for above-ground biomass estimates 
(mean amounts (gdwt-m'2) of total biomass, as well as seagrass and algal fractions as 
measured per site per sampling period). Site(Area) mean square was used as the error 
term in determining significance of Area main effect. All other factors were tested with 
experimental mean square error as the error term. Data are In transformed.
A. Total Biomass
Source df Sum of Squares Mean Square F value p value
Area 1 13.716 13.716 18.88 0.049*
Site(Area) 2 1.453 0.727
Sampling Period 6 8.745 1.457 11.07 0.000**
Sampling Period x Area 6 1.777 0.296 2.25 0.109
Error 12 1.580 0.132
Total 27 27.271
}. Seagrass Biomass
Source df Sum of Squares Mean Square F value p value
Area 1 6.802 6.802 87.68 0.011*
Site(Area) 2 0.155 0.078
Sampling Period 6 18.292 3.049 5.13 0.008**
Sampling Period x Area 6 6.796 1.133 1.91 0.161
Error 12 7.131 0.594
Total 27 39.176
C. Algal Biomass
Source df Sum of Squares Mean Square F value p value
Area 1 17.037 17.037 9.92 0.088
Site(Area) 2 3.436 1.718
Sampling Period 6 6.835 1.139 5.00 0.009**
Sampling Period x Area 6 1.082 0.180 0.79 0.594
Error 12 2.734 0.228
Total 27 31.123
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Table 3.6. Gastropod species rank abundance. Total abundance is total number of 
individuals collected during study. Percent abundance is total abundance divided by total 
individuals (N= 884). Frequency of occurrence refers to total number of samples ( N ^  = 
112) in which organism was present. Relative density is mean abundance per occurrence 
(= sample area of 0.05 m2).
Taxonomic Category Rank TotalAbundance
Percent
Abundance
Frequency
of
Occurrence
Relative
Density
Nassarius albus 1 141 20.0 63 2.2
Pilsbryspira leucocyma 2 75 8.5 40 1.9
Cerithium ebumeum 3 55 6.2 31 1.8
Conus jaspideus 4 40 4.5 29 1.4
Bulla striata 5 35 4.0 20 1.8
Columbella rusticoides 6 31 3.5 19 1.6
Pyrgospira tampaensis 7 29 3.3 20 1.5
Modulus modulus 8 27 3.1 20 1.4
Turbo castanea 9 25 2.8 17 1.5
Rissoina cancellata 10 24 2.7 3 8.0
unidentified limpets 11 22 2.5 17 1.3
Cerithium muscarum 12 21 2.4 17 1.2
Costoanachis catenata 13 19 2.2 13 1.5
Favartia cellulosa 14 18 2.0 13 1.4
Astralium phoebia 15 17 1.9 16 1.1
Cosmioconcha nitens 16 16 1.8 11 1.5
Crassispira cubana 16 16 1.8 12 1.3
Tegula fasciata 16 16 1.8 10 1.6
Cerodrillia perryae 17 14 1.6 13 1.1
Vexillum exiguum 17 14 1.6 10 1.4
Lithopoma tecta 18 13 1.5 10 1.3
Latirus cariniferus 19 11 1.2 9 1.2
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Taxonomic Category Rank TotalAbundance
Percent
Abundance
Frequency
of
Occurrence
Relative
Density
Bulla sp. 20 10 1.1 5 2.0
Cylindrobulla beauii 21 9 1.0 5 1.8
Cylindrobulla n.sp. 21 9 1.0 7 1.3
Murexiella macgintyi 21 9 1.0 8 1.1
Pyramidellidae 21 9 1.0 7 1.3
unidentified spp. 21 9 1.0 9 1.0
Vexillum sp. 21 9 1.0 9 1.0
Chicoreus florifer 22 8 0.9 5 1.6
Oliva reticularis 22 8 0.9 6 1.3
Costoanachis semiplicata 23 7 0.8 7 1.0
Crassispira apicata 23 7 0.8 7 1.0
Dentimargo ebumeola 23 7 0.8 6 1.2
Fenimorea moseri 23 7 0.8 6 1.2
I Persicula catenata 23 7 0.8 5 1.4
J Pyramidella crenulata 23 7 0.8 7 1.0
1 Triptychus niveus 24 6 0.7 4 1.5
| Crepidula aculeata 25 5 0.6 1 5.0
| Prunum apicinum 25 5 0.6 5 1.0
Anachis hotessieriana 26 4 0.5 3 1.3
Cerithium sp. 26 4 0.5 3 1.3
| Cerodrillia sp. 27 4 0.5 4 1.0
9 Olivella nivea 26 4 0.5 4 1.0
| Cantharus multangulus 27 3 0.3 3 1.0
j Eupleura sulcidentata 27 3 0.3 3 1.0
| Marginella camea 27 3 0.3 2 1.5
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OB
Taxonomic Category Rank TotalAbundance
Percent
Abundance
Frequency
of
Occurrence
Relative
Density
Natica canrena 27 3 0.3 3 1.0
Turbonilla dalli 27 3 0.3 2 1.5
Crepidula fom icata 28 2 0.2 2 1.0
Cyclostremiscus beauii 28 2 0.2 1 2.0
Mangelia bartletti 28 2 0.2 2 1.0
Mitrella lunata 28 2 0.2 2 1.0
Prunum guttatum 28 2 0.2 1 2.0
Schwartziella catesbyana 28 2 0.2 2 1.0
Thala floridana 28 2 0.2 2 1.0
1 Turridae 28 2 0.2 2 1.0
Vexillum histrio 28 2 0.2 2 1.0
Volvarina avena 28 2 0.2 2 1.0
Aspella sp. 29 1 0.1 1 1.0
Astyris raveneli 29 1 0.1 1 1.0
Calotrophon ostrearum 29 1 0.1 1 1.0
| Columbellidae 29 1 0.1 1 1.0
Conus floridanus 29 1 0.1 1 1.0
Costoanachis floridana 29 1 0.1 1 1.0
Fasciolaria tulipa 29 1 0.1 1 1.0
Haminoea elegans 29 1 0.1 1 1.0
Haustellum messorium 29 1 0.1 1 1.0
Hyalina lactea 29 1 0.1 1 1.0
Marginellidae 29 1 0.1 1 1.0
Mitra nodulosa 29 1 0.1 1 1.0
Terebra dislocata 29 1 0.1 1 1.0
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Taxonomic Category Rank TotalAbundance
Percent
Abundance
Frequency
of
Occurrence
Relative
Density
Thalafoveata 29 1 0.1 1 1.0
Tricolia affinis 29 1 0.1 1 1.0
Vexillum albocincta 29 1 0.1 1 1.0
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Table 3.7. Species diversity measurements and indices used to describe gastropod 
assemblages observed at each study site over duration of experiment. Diversity indices 
represent results for pooled samples (n = 4) per site per sampling period. Simpson’s 
Index reported as X, where high values correspond to low diversity.
Site Jul
1993
Nov
1993
Sampling Period
Feb May Aug 
1994 1994 1994
Feb
1995
Aug
1995
ARBI 20 28 27 26 25 29 18
ARB2 13 14 17 22 16 16 20
PK 5 8 8 10 14 4 6
BK 6 11 13 11 8 14 10
ARBI 0.94 0.94 0.90 0.95 0.89 0.88 0.93
ARB2 0.80 0.91 0.88 0.87 0.85 0.78 0.92
PK 1.00 0.98 0.91 0.93 0.91 0.96 0.98
BK 0.88 0.89 0.95 0.94 0.94 0.88 0.92
ARBI 0.08 0.05 0.07 0.05 0.08 0.08 0.08
ARB2 0.20 0.12 0.12 0.10 0.14 0.18 0.08
PK 0.20 0.14 0.18 0.13 0.11 0.28 0.18
BK 0.26 0.15 0.10 0.12 0.16 0.13 0.14
ARBI 4.04 4.50 4.27 4.47 4.15 4.30 3.88
ARB2 2.96 3.45 3.60 3.90 3.41 3.12 3.98
PK 2.32 2.95 2.73 3.10 3.46 1.92 2.52
BK 2.28 3.07 3.51 3.26 2.82 3.34 3.04
Species Richness (S) 
AREA 1
AREA 2
Pielou’s E
AREA 1
AREA 2 
Sim pson’s Index (X) 
AREA 1
AREA 2 
Shannon’s Index (H ') 
AREA 1
AREA 2
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Table 3.8. Repeated measures analysis of variance for species diversity o f gastropods. 
Shannon’s diversity index (H') was utilized as the dependent variable. Site(Area) mean 
square was used as the error term in determining significance of Area main effect. All 
other factors were tested with experimental mean square error as the error term.
Source df Sum of Squares Mean Square F value p value
Area 1 6.713 6.713 5.82 0.137
Site(Area) 2 2.309 1.154
Sampling Period 6 1.627 0.271 1.75 0.193
Sampling Period x Area 6 0.231 0.039 0.25 0.951
Error 12 1.861 0.155
Total 27 12.740
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Table 3.9. Rank abundance of bivalve species. Total abundance is total number of 
individuals collected during study; percent abundance = total abundance divided by total 
individuals (N= 3359). Frequency of occurrence is total number of samples (N ,^ =112) 
in which organism was present. Relative density is mean abundance per occurrence 
(= sample area of 0.05 m2).
Taxonomic Category Rank TotalAbundance
Percent
Abundance
Frequency
of
Occurrence
Relative
Density
Hormomya exusta 1 2942 87.6 56 52.5
Codakia orbiculata 2 75 2.2 46 1.6
Tellina lineata 3 71 2.1 36 1.9
Lucina nassula 4 53 1.6 24 2.2
Transennella stimpsoni 5 30 0.9 21 1.4
Laevicardium laevigatum 6 25 0.7 18 1.4
Transennella conradina 7 20 0.6 15 1.3
Tellina similis 8 19 0.6 15 1.3
Pinctada imbricata 9 15 0.5 11 1.4
Abra aequalis 10 14 0.4 9 1.6
Musculus lateralis 10 14 0.4 6 2.3
Cumingia coarctata 11 12 0.4 7 1.7
Modiolus modiolus 11 12 0.4 10 1.2
Chione cancellata 12 11 0.3 11 1.0
Laevicardium mortoni 13 8 0.2 4 2.0
Lyonsia beana 14 8 0.2 6 1.3
Carditamera floridana 15 7 0.2 5 1.4
unidentified spp. 16 6 0.2 6 1.0
Argopecten nucleus 17 4 0.1 3 1.3
Glycymeris pectinata 17 4 0.1 2 2.0
Nucula crenulata 18 3 >0.1 3 1.0
Pitar albidus 19 2 >0.1 2 1.0
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Taxonomic Category Rank TotalAbundance
Percent
Abundance
Frequency
of
Occurrence
Relative
Density
Barbatia Candida 20 1 >0.1 1 1.0
Diplodonta punctata 20 1 >0.1 1 1.0
Ostrea equestris 20 1 >0.1 1 1.0
Tellina laevigata 20 1 >0.1 1 1.0
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Table 3.10. Species diversity measurements and indices used to describe bivalve 
assemblages observed at each study site over duration of experiment. Diversity indices 
represent results for pooled samples (n = 4) per site per sampling period. Simpson’s 
Index reported as A, where high values correspond to low diversity.
Site Jul
1993
Nov
1993
Sampling Period
Feb May Aug 
1994 1994 1994
Feb
1995
Aug
1995
Species Richness (S)
ARBI 9 9 12 3 7 14 6
AREA 1
ARB2 6 7 9 6 8 8 5
PK 8 7 5 4 5 7 6
AREA 2
BK 8 7 10 8 6 8 5
Pielou’s E
ARBI 0.80 0.88 0.57 0.92 0.88 0.91 0.86
AREA 1
ARB2 0.97 0.93 0.85 0.79 0.90 0.72 0.88
PK 0.30 0.15 0.03 0.06 0.20 0.33 0.88
AREA 2
BK 0.57 0.25 0.25 0.64 0.87 0.34 0.96
Sim pson’s Index (A)
ARBI 0.25 0.18 0.41 0.39 0.22 0.12 0.27
AREA 1
ARB2 0.19 0.18 0.20 0.34 0.19 0.33 0.28
PK 0.74 0.90 0.99 0.98 0.88 0.75 0.26
AREA 2
BK 0.47 0.81 0.80 0.42 0.27 0.73 0.22
Shannon’s Index (H ')
ARBI 2.55 2.80 2.05 1.46 2.47 3.45 2.22
AREA 1
ARB2 2.50 2.62 2.70 2.05 2.69 2.15 2.05
PK 0.89 0.42 0.08 0.11 0.46 0.92 2.28
AREA 2
BK 1.70 0.72 0.82 1.91 2.24 1.01 2.24
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Table 3.11. Repeated measures analysis of variance for species diversity of bivalves. 
Shannon’s diversity index (H') was utilized as the dependent variable. Site(Area) mean 
square was used as the error term in determining significance of Area main effect. All 
other factors were tested with experimental mean square error as the error term.
Source df Sum of Squares Mean Square F value p value
Area 1 11.520 11.520 10.72 0.082
Site(Area) 2 2.149 1.075
Sampling Period 6 2.192 0.365 1.46 0.270
Sampling Period x Area 6 3.729 0.622 2.49 0.084
Error 12 2.993 0.249
Total 27 22.583
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Figure 3.1. Map of South Florida including Florida Bay and Florida Keys. Enlargement 
illustrates general area of experimental sites with sampling locations as indicated.
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Figure 3.2. Proportional composition of: A. Fines, B. Sand, and C. Gravel in sediment 
samples taken in experimental areas in Florida Bay July 1993-August 1995.
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Figure 3.3. Total macrophyte species richness (S = number of species) observed 
biomass samples collected in experimental areas during the course of this 
experiment. Each bar represents a composite of four random samples.
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Figure 3.4. Rank abundance curve for 75 species of gastropods identified from benthic
suction samples taken in experimental areas in Florida Bay July 1993-August 1995.
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Figure 3.5. Rank abundance curve (log scale) for 25 species of bivalves identified from 
benthic suction samples taken in experimental areas in Florida Bay July 1993- 
August 1995.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 3.6. Temporal relationships between the proportion of fine sediments at
experimental areas in Florida Bay and biomass of seagrasses and macroalgae. A. 
Area 1 is a composite of data from sites ARBI and ARB2. B. Area 2 is a 
composite of data from sites PK and BK.
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Figure 3.7. Temporal relationships between the proportion of sand at experimental areas 
in Florida Bay and biomass of seagrasses and macroalgae. A. Area 1 is a 
composite of data from sites ARBI and ARB2. B. Area 2 is a composite of data 
from sites PK and BK.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
M
ea
n
95
A. A rea 1
200 
150 
100 
50 
0
U.U
0.6
O
c o 
tr
O T3
§■ ci 0 4
O sand M seagrass O algae
CO
0.2
I 1 1 1
B. A rea 2
[□sand M seagrass □  algae 100
0.8
80
60
40
•C 0.2 20
Nov
1993
Jul
19951994
Sampling Period
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
M
acrophyte 
Biom
ass 
M
acrophyte 
Biom
ass
(m
ean 
gdw
t/m
2) 
(m
ean 
gdw
t/m
2)
96
Figure 3.8. Temporal relationships between the proportion of gravel at experimental areas 
in Florida Bay and biomass of seagrasses and macroalgae. A. Area 1 is a 
composite of data from sites ARBI and ARB2. B. Area 2 is a composite o f data 
from sites PK and BK.
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Figure 3.9. Comparative biomass estimates (g dwt • m'2) for seagrasses and macroalgae 
collected at experimental areas in Florida Bay July 1993-August 1995. Data 
presented represent means calculated across all sites and all areas.
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Figure 3.10. Temporal relationship between the proportion of fine sediments at
experimental areas in Florida Bay and gastropod abundance (75 species). A. Area 
1 is a composite o f data from sites ARBI and ARB2. B. Area 2 is a composite of 
data from sites PK and BK.
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Figure 3.11. Temporal relationship between the proportion of sand at experimental areas 
in Florida Bay and gastropod abundance (75 species). A. Area 1 is a composite of 
data from sites ARBI and ARB2. B. Area 2 is a composite of data from sites PK 
and BK.
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Figure 3.12. Temporal relationship between the proportion of gravel at experimental 
areas in Florida Bay and gastropod abundance (75 species). A. Area 1 is a 
composite of data from sites ARBI and ARB2. B. Area 2 is a composite of data 
from sites PK and BK.
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Figure 3.13. Temporal relationship between the proportion of fine sediments at
experimental areas in Florida Bay and bivalve abundance (24 species). Data 
presented are inclusive of all bivalves collected in the study except Hormomya 
exusta. A. Area 1 is a composite of data from sites ARBI and ARB2. B. Area 2 
is a composite of data from sites PK and BK.
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Figure 3.14. Temporal relationship between the proportion of sand at experimental areas 
in Florida Bay and bivalve abundance (24 species). Data presented are inclusive of 
all bivalves collected in the study except Hormomya exusta. A. Area 1 is a 
composite of data from sites ARBI and ARB2. B. Area 2 is a composite of data 
from sites PK and BK.
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Figure 3.15. Temporal relationship between the proportion o f gravel at experimental 
areas in Florida Bay and bivalve abundance (24 species). Data presented are 
inclusive of all bivalves collected in the study except Hormomya exusta. A. Area I 
is a composite of data from sites ARBI and ARB2. B. Area 2 is a composite of 
data from sites PK and BK.
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Figure 3.16. Temporal relationship between seagrass biomass (g dwt-m'2) at experimental 
areas in Florida Bay and gastropod abundance (mean no. ind.-m'2). A. Area 1 is a 
composite of data from sites ARBI and ARB2. B. Area 2 is a composite of data 
from sites PK and BK.
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Figure 3.17. Temporal relationship between macroalgal biomass (g dwt-m'2) at
experimental areas in Florida Bay and gastropod abundance (mean no. ind.-m'2' 
A. Area 1 is a composite of data from sites ARBI and ARB2. B. Area 2 is a 
composite of data from sites PK and BK.
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Figure 3.18. Temporal relationship between macroalgal biomass (gdwt-m'2) at
experimental areas in Florida Bay and gastropod diversity. Diversity (H ') is 
Shannon Index. A. Area 1 is a composite of data from sites ARBI and ARB2. B. 
Area 2 is a composite of data from sites PK and BK.
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Figure 3.19. Temporal relationship between seagrass biomass (gdwt-rn2) at experimental 
areas in Florida Bay and bivalve abundance (mean no. ind.-m'2 for all 25 species 
combined). A. Area 1 is a composite of data from sites ARBI and ARB2. B. 
Area 2 is a composite of data from sites PK and BK.
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Figure 3.20. Temporal relationship between macroalgal biomass (gdwt-m'2) at
experimental areas in Florida Bay and bivalve abundance (mean no. ind.-m'2 for all 
25 species combined). A. Area 1 is a composite o f data from sites ARB 1 and 
ARB2. B. Area 2 is a composite of data from sites PK and BK.
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Figure 3.21. Temporal relationship between macroalgal biomass (gdwt-m'2) at
experimental areas in Florida Bay and bivalve diversity. Diversity (H ') is Shannon 
Index. A. Area 1 is a composite of data from sites ARBI and ARB2. B. Area 2 is 
a composite of data from sites PK and BK.
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Figure 3.22. Temporal relationship between macroalgal biomass (gdwt-m'2) at
experimental areas in Florida Bay and bivalve abundance (mean no. ind.-m'2), 
exclusive of H. exusta. A. Area 1 is a composite o f data from sites ARB 1 and 
ARB2. B. Area 2 is a composite of data from sites PK and BK.
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DISCUSSION
The complex and diverse ecosystem of Florida Bay has been characterized into 
various sub-environments or communities based on the spatial heterogeneity represented 
within water quality parameters (Boyer et al. 1997), planktonic algae and cyanobacterial 
distributions (Phlips and Badylak 1996), sediment composition (Holmquist et al. 1989b), 
macrophyte abundance and diversity (Zieman et al. 1989), and faunal distributions 
(Turney and Perkins 1972; Holmquist et al. 1989; Sogard et al. 1989). Although exact 
delineations varied among investigations, proposed sub-environments or regions defined 
by these multiple and varied factors are similar and complementary to the hydrology of the 
system (Boyer et al. 1997). Results for sediments and macrophyte biomass presented here 
corroborate designations hypothesized by Holmquist et al. (1989b) and Zieman et al. 
(1989). The experimental areas differed significantly in sediment composition 
(proportional composition of fines and sand) and total macrophyte and seagrass biomass. 
The molluscan fauna collected from the experimental areas in Florida Bay was highly 
diverse and variable in abundance. However, the two experimental areas were located in 
the transitional zone between Atlantic and Gulf molluscan communities according to 
Turney and Perkins (1972). Therefore, it was impossible to characterize the molluscan 
fauna in either area using any of the designations hypothesized in that previous study 
(Turney and Perkins 1972). Molluscan diversity, although not significantly different 
between areas, was higher in Area 1, a region characterized by finer sediments and higher 
macrophyte biomass. Fine scale resolution of ecological relationships between various 
molluscan species and environmental variables tended to be nonsignificant in both areas. 
Thus, understanding the major factors that influence molluscan assemblage structure
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within experimental areas remains unresolved.
Florida Bay functions as an interface for Antillean, Carolinean, and Gulf ecological 
provinces (Holmquist et al. 1989a) and is unique in supporting an extremely diverse fauna, 
yet its fauna, especially invertebrates are not well characterized. Turney and Perkins 
(1972) considered the molluscan fauna of Florida Bay to be depauperate despite 
identifying 132 species of gastropods (72 species) and bivalves (60 species). Collecting 
both live and dead shells in a bay-wide survey, Turney and Perkins (1972) proposed four 
sub-environments for Florida Bay based on species distributions and relative abundances.
In contrast, in the present study, 75 gastropod taxa and 25 bivalve taxa were collectively 
identified from the experimental areas which represented only two of the four areas 
delineated by Turney and Perkins. Although benthic suction samples were collected from 
only two o f the four proposed sub-environments and encompassed a small proportion of 
only two basins, gastropod richness was higher than that reported for the entire bay in that 
earlier study by Turney and Perkins (1972). Furthermore, characteristic species (i.e., 
those designated by Turney and Perkins to define the molluscan fauna representative of 
each sub-environment) from three of the four sub-environments were commonly collected 
in both experimental areas in the present study. In a more recent study, McClanahan 
(1992) sampled a slightly smaller region than that investigated in the present study and 
identified only 28 species of epibenthic gastropods; bivalves were not considered in that 
study.
Interestingly, gastropod species lists among these three studies of Florida Bay 
molluscs, even when nomenclatural changes among studies are accounted for, were quite 
different. For example, only four species of gastropods were common to all three studies,
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16 species were shared between the present study and that of McClanahan (1992), while 
only 11 species were common between the present study and that of Turney and Perkins 
(1972). The numbers of bivalve species (nine) reported in the present study and also listed 
in Turney and Perkins (1972) were comparable with the number of gastropods common to 
both investigations.
Species richness in the present study is comparatively much higher than the species 
richness reported in the only two previous investigations of Florida Bay molluscs. 
Differences in sampling techniques could possibly explain the discrepancy in numbers of 
gastropod species between that reported in McClanahan (1992) and the present study (28 
versus 75 species). Smaller individuals would be easier to find and identify in benthic 
suction samples (present study) than in timed field observations (McClanahan 1992). 
Considering that Turney and Perkins sampled the entire bay using a combination of field 
observations and collections with a post-hole digger, and that species number increases 
with increasing size o f the area sampled, the relatively low gastropod richness reported in 
that study suggests that molluscan diversity was not adequately sampled. If comparable 
differences in the other hypothesized sub-environments exist between the number of 
gastropod species sampled in this study and that previous study, such as occurred in the 
two sub-environments sampled, then the original estimates provided by Turney and 
Perkins for molluscan diversity of Florida Bay may have been underestimated as much as 
three fold.
The large degree of variability among investigations specifically targeting the 
molluscan fauna suggests that overall diversity is relatively high in this region, but that 
individuals and perhaps also individual species are patchily distributed throughout Florida
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Bay. Furthermore, although the fauna is diverse, the majority of species occur at low 
abundances (Figures 3.4-3.5). Therefore, obtaining a reliable estimate o f the diversity o f 
the molluscan assemblage in this area will require extensive sampling. Nevertheless, given 
the gross under representation of bay-wide molluscan diversity, the validity of zonal 
diversification for molluscs, as proposed by Turney and Perkins (1972), is questionable. 
This issue needs to be re-examined using a variety of sampling techniques so as to include 
molluscs of all size ranges and representative of all microhabitats.
Molluscan richness (100 taxa) observed in this study is comparable to that 
reported for other subtropical and tropical systems in the western Atlantic. Relative 
richness of gastropods and bivalves from other regions within Florida ranged from 185 
taxa identified in seagrass and benthic algal habitats within Indian River Lagoon 
(Mikkelsen et al. 1995), 190 taxa collected off the coast of Hutchinson Island (Lyons 
1989), to 126 taxa in northern Florida Bay and adjacent mainland brackish waters (Tabb 
and Manning 1961). Relative richness in more tropical regions ranged from 171 taxa 
reported fromTerminos Lagoon, Mexico (Garcia-Cubas 1988), to 60 and 50 taxa from 
coastal Venezuela (Jimenez Prieto 1994) and Tupilco-Ostion lagoonal system, Mexico 
(Garci'a-Cubas and Reguero 1990), respectively. Gastropod richness was much lower in a 
St. Croix Thalassia bed, where 28 taxa of gastropods were identified (Bello 1988-89), 
compared with the 75 taxa reported in the present study. Present collections were most 
similar to those of Indian River Lagoon (35 species in common; Mikkelsen et al. 1995), 
northern Florida Bay (29 species in common; Tabb and Manning 1961), and Terminos 
Lagoon (29 species in common; Garcfa-Cubas 1988). Otherwise, number of species 
common to collections made in the present study and those from other sub-tropical or
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tropical regions ranged from seven (Mexico; Garcfa-Cubas and Reguero 1990) to 13 
(Florida’s east coast; Lyons 1989). Thus, relative number of species identified seems 
comparable to other investigations in the region, particularly those conducted in the sub­
tropics.
Although species diversity of gastropods and bivalves was relatively high, 
similarity among collections made in the present study and those previous was relatively 
low. Discrepancies within taxonomic lists may be a function of sampling techniques which 
are biased towards particular species. For example, trawling (Lyons 1989), field 
observations (McClanahan 1992), and suction sampling (present study) within the same 
habitat would likely yield different species compositions. Highly variable species 
compositions could also be a function of the demography of the various molluscs. If a 
community is particularly speciose but each sample contains only a few species, then, on 
average, each species will be found in only a few of the samples (Spight 1977). Perhaps 
subtropical and tropical species in general are patchily distributed or appear to be so in 
Florida Bay. Alternatively, individuals may colonize at apparently random locations within 
a habitat (Turney and Perkins 1972), in which case standard random sampling techniques 
would tend to underestimate diversity and abundance (Underwood 1997). Or, many 
species may be genuinely rare (Lyons 1989; present study). Considering that each 
investigation incorporated a complex assemblage of microhabitats, and both density and 
diversity varied locally, regionally, and temporally, the predictability of the molluscan 
fauna within a given location within Florida Bay seems highly unlikely. This view is 
consistent with the hypothesis that high-diversity areas in general are regions of low faunal 
predictability (Jackson 1972).
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Significant ecological relationships between molluscs and environmental variables 
should provide some insight into the processes that structure the patterns observed in the 
ecosystem. For example, sediment composition should be highly correlated with 
seagrasses, since seagrass blades and rhizomes affect the sedimentation rate within the 
grass bed, concentrate fine particles and stabilize deposited sediments (Orth 1977; Zieman 
1982). Such a relationship was shown in Florida where the percentage o f fine sediments 
in dense Thalassia beds exceeded 15% compared to only 3-6% in sparse to medium 
densities of Thalassia (Zieman 1982). Sediment structure should also affect distributions 
of infaunal organisms in particular, since grain size could affect movement within the 
sediment-grain matrix and feeding efficiency. Feeding mode of molluscs is correlated to 
sediment composition with deposit feeders generally more prevalent in finer sediments and 
filter feeders more common in coarser sediments (Rhodes and Young 1970; Bloom et al.
1972). Despite all of these potential interrelations between macrophyte abundance and 
molluscan distribution with sediment composition, at the local scale, only one correlation 
between seagrass and sediment (Syringodium and fines in Area 1) was found to be 
significant and only three correlations between sediments and molluscs (N. albus and sand 
in Area 2; H. exusta and gravel in Area 1; T. stimpsoni and gravel in Area 2) were 
significant in this investigation, with two of these three molluscs being epifaunal.
Similarly, bivalve species in Jamaica inhabited a wide range of sedimentary types (Jackson
1973), thus sediment composition was not an important structuring mechanism for this 
group in that system. No faunal variation between bank (i.e., usually finer sediments; 
Holmquist et al. 1989) and basin sediments (i.e., coarser sediments) was noted in the 
Atlantic and Gulf sub-environments of Florida Bay (Turney and Perkins 1972), those sub-
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environments most similar to the experimental areas of the present study.
In contrast, molluscan species distributions were strongly influenced by sediment 
composition off the coast of Hutchinson Island (Lyons 1989b). Few species were 
associated with compacted fine and very fine sands, whereas two large species groups 
were associated with coarse sands and large shell particles; a few but abundant species 
were associated with well-sorted medium sands (Lyons 1989b). Lyons hypothesized that 
the majority o f species were associated with coarse sediments because coarser sediments 
provided support, shelter, protection from predation, and a food supply for individuals 
which feed on fine particles trapped in interstitial spaces or other organisms associated 
with those sediments. Heterogeneous sediments supported more organisms than did 
sediments with large shell fragments (Lyons 1989b). Distributions of intertidal deposit 
feeders and filter feeders collected in Old Tampa Bay, FL, were also correlated with 
sediment parameters (mean grain size and skewness; Bloom et al. 1972). Although 
sediment composition may be important in structuring some communities (Bloom et al. 
1972; Lyons 1989b), not all molluscan assemblages demonstrate such obvious 
relationships. Patterns of molluscan distribution within Florida Bay, therefore, may be 
influenced by sediment composition at a regional scale, but sediments apparently do not 
control assemblage structure in a predictable pattern at the local scale.
Macrophyte abundance and distribution, especially that of seagrasses, is 
characteristic of communities within Florida Bay (Zieman et al. 1989). Several studies in 
sub-tropical and tropical environments of the western Atlantic found positive correlations 
between faunal abundance and diversity patterns and above-ground biomass of vegetation 
(e.g., Heck and Wetstone 1977; Stoner 1980; Lewis and Stoner 1983). However, positive
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relationships between invertebrate abundances and macrophyte densities are often 
inconsistent (e.g., Turney and Perkins 1972; Brook 1978; Stoner and Lewis 1985; 
Valentine and Heck 1993). In the experimental areas in the present study, molluscs did 
not show consistent associations with macrophytes. Several significant correlations were 
found between molluscs and macrophyte biomass, but the biological significance of those 
relationships was not obvious. Similarly, a strong relationship between macrofaunal 
densities and species richness and above-ground biomass was not found in northern Gulf 
of Mexico seagrass beds (St. Joseph Bay; Valentine and Heck 1993). Specifically, 
gastropods were significantly more abundant in vegetated habitats, but significant 
differences between vegetated habitats (habitats dominated by various species of seagrass) 
were rare (Valentine and Heck 1993). Thus, it was concluded that gastropods were more 
patchily distributed within the vegetated habitats (Valentine and Heck 1993). Turney and 
Perkins (1972) suggested that local changes in the distribution pattern of molluscs may be 
related to variations in seagrass densities but concluded that seagrass density was 
comparable throughout all four sub-environments they delineated and, therefore, 
macrophytes did not structure patterns of molluscan distribution. In South Florida, 
macrofaunal communities varied greatly among Thalassia beds with similar blade densities 
located in close geographic proximity; both abundances and taxonomic composition were 
highly variable within these similar areas (Brook 1978). The presence of dense Thalassia 
presumably was not an important structuring mechanism, but only incidental to the faunal 
composition o f each area (Brook 1978).
Alternatively, in a St. Croix Thalassia bed, gastropod densities were highly 
correlated with macrophyte distributions (Bello 1988-89). Highly significant differences
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were found among gastropod densities with varying densities o f Thalassia. Significant 
relationships between gastropods exclusive of Cerithium litteratum and seagrasses 
(Thalassia, Halodule, and Syringodium) and also between C. litteratum and Penicillus 
capitatus, were also reported (Bello 1988-89). Similarly, above-ground biomass was 
significantly correlated with both invertebrate species number and abundance in 
Panamanian seagrass meadows (Heck and Wetstone 1977). Although samples included 
many invertebrate taxa, the gastropod C. ebumeum  was the numerical dominant. Many of 
the invertebrate species were characteristically found in several types of vegetated areas, 
usually containing mixed species compositions (Heck and Wetstone 1977). Thus, results 
from these studies suggested that associations between invertebrates and macrophytes are 
probably general and not specific to particular species of macrophytes. The importance of 
environmental variables, such as above-ground biomass of macrophytes, in structuring 
molluscan assemblages remains equivocal and likely depends upon the taxon.
Community structure can be influenced by a variety of biological factors, such as 
predation, competition, disturbance, recruitment, and habitat preferences. The observed 
patterns in diversity and distributions are likely a product of a combination of these 
structuring factors, with some exerting more influence than others over a spatial and 
temporal framework. Several factors that could influence the structure of the Florida Bay 
macrobenthic community were investigated in the present study, yet the molluscan 
assemblage does not appear to be significantly influenced by any of these ecological and 
environmental variables at the local scale. Impacts of predation by spiny lobster and 
various species of benthic-feeding finfishes were not significant, therefore, predation is not 
a primary mechanism structuring the molluscan assemblage (Chapter 4). Given the
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significant differences in sediment composition and macrophyte abundance and species 
composition between experimental areas, it seemed probable that habitat characteristics 
could account for these differences. Yet few significant associations at a small scale were 
demonstrated to explain observed patterns in molluscan abundance and distribution. Lack 
of significant relationships between habitat characteristics and patterns of distribution 
observed for the molluscs in the experimental areas may result from several factors. First, 
the power of the experiment may be low. Sample size may not be large enough to account 
for high intersample and intersite variability. The diverse fauna of seagrass beds is 
represented by hundreds of species within a relatively small area with variable and 
dramatic changes occurring in the faunal composition and density with relatively small 
changes in time and distance (Zieman 1982). Most sites support several different species 
assemblages (Spight 1977). Although biomass and sediment samples collected in this 
study were representative of the sampling area, no conclusions can be reached on exact 
locations of each mollusc species in relation to macrophyte and sediment parameters. A 
more directed and fine-scale sampling protocol may be necessary to fully understand 
patterns in molluscan abundance, diversity, and distribution within this 
seagrass/macroalgal community. Spatial and temporal heterogeneity in species 
occurrences could overshadow any inherent patterns and obscure recognition of processes 
underlying the pattern.
In environments such as sub-tropical and tropical seagrass beds which exhibit 
extreme spatial and temporal heterogeneity, detection of relationships on finer scales 
requires extremely specific sampling protocols. Relative abundances and diversity have 
been shown to be highly variable from year to year (Spight 1977; Lyons 1989; present
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study) and between samples (present study). Variability between adjacent habitats within 
the same area have ranged from three to 50 species in Costa Rican gastropod communities 
(Spight 1977), with similar levels of difference observed in the present study. Community 
variables measured for Jamaican bivalves, such as species number, abundance and 
diversity, were generally more variable within a month than was the variation between 
monthly means suggesting that variation may be more spatial than temporal (Jackson 
1972). Evident from this is that predictability of species abundances and composition in 
speciose, heterogeneous environments may be extremely difficult to detect on a fine scale 
even with directed, detailed study.
Secondly, ecological relationships may best be detected when environmental 
parameters vary by orders o f magnitude. In the present study, relationships between 
macrophyte biomass and sediment composition and molluscan distributions were possibly 
not detected within experimental areas because magnitude of change for measured 
variables was not sufficiently great. For example, biomass o f Thalassia on the west coast 
of Florida ranges from 75 to 8100 gdwt • m'2 (x  = 500-3100 gdwt • m'2; Zieman 1982), 
with more recent estimates from Florida Bay in particular, ranging from 0 to 215 gdwt • 
m'2 (x = 67 gdwt • mf2; Zieman et al. 1989). Seagrass biomass (dominated by Thalassia, 
but with all species included in the estimate) in the present study was extremely low by 
comparison; biomass ranged from 0 to 232 gdwt • m'2 (x = 21 gdwt • m'2). Although 
experimental areas differed significantly from each other, the magnitude of difference was 
on the order of 10 gdwt • m'2. Total algal biomass in this region was relatively low also 
(x = 67 gdwt • m'2; range 0 to 506 gdwt • rn2). Obviously experimental areas in the 
present investigation were on the low end of the seagrass biomass continuum.
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Compounded in these estimates are seasonal variation in macrophyte biomass in Area 1 
and a dramatic decline in Area 2 biomass. Although macrophyte biomass had only a slight 
seasonal component in Area 1, seasonal variability can be extreme. For example, biomass 
o f Thalassia in Jamaica varied by more than 200% over the year (Jackson 1972). Thus, 
relatively low macrophyte biomass in experimental areas in concert with spatial 
heterogeneity and seasonal fluctuations in biomass in Area 1 may have prevented detection 
of ecological relationships between molluscs and macrophytes in this study.
Similarly, the magnitude of differences measured for proportional composition of 
sediments in the experimental areas, although statistically significantly different from each 
other, may not be sufficiently large enough to influence relationships between organisms 
and this aspect of the physical environment. In other areas, heterogeneous sediments 
support the most diverse mollusc assemblages (Lyons 1989b). Collections made in the 
present study may represent only a small proportion of possibilities along the sediment 
continuum or sediment parameters were not measured at the appropriate scale. 
Consequently, any relationships between patterns of distribution for molluscs and 
macrophytes and the surrounding sediments were not obvious.
Processes investigated in this study may be occurring at widely variable scales.
The scale at which environmental variables are measured is extremely important in 
understanding the processes underlying observable patterns in ecological communities. 
Ecological communities are collections of organisms and species which respond 
individually, not as a community, to temporal and spatial variation (Levin 1992).
Ecological communities inherently vary temporally and spatially. Components of 
community structure, such as species abundance, distribution, and diversity, often vary
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within a site (local scale), among sites in a region (mesoscale), and among regions (global 
scale; Menge and Olson 1990). Thus, to determine process from pattern would require an 
understanding of the scale at which each process impacts the community. Physical and 
biotic factors tend to have more influence on a local scale with environmental factors more 
influential at larger spatial scales (Menge and Olson 1990). No doubt many processes 
within Florida Bay are occurring at a regional scale (i.e., level o f basins) given the variety 
o f differences demonstrated between experimental areas in the present study (sediment 
composition, macrophyte biomass, molluscan abundance (see Chapter 4), molluscan 
diversity and the consistency between proposed sub-environments based on a variety of 
factors (e.g., Holmquist eta l. 1988; Zieman etal. 1989; Boyer etal. 1997). Sub­
environment designations seem to be a function of the hydrology of the system (Boyer et 
al. 1997), which is greatly influenced by the network of seagrass-covered mud banks. The 
overall structure of Florida Bay seems to be influenced primarily at a regional scale. But, 
mechanisms underlying observed patterns may not obviously reflect the scale at which the 
pattern was produced, i.e., observed patterns are a function of several small scale 
processes acting collectively or observed patterns are produced by larger scale constraints 
(Levin 1992). Local scale processes, though not identified in this study, should not be 
discounted. To truly understand community structure of Florida Bay macrobenthic 
communities would require simultaneous evaluation of the contributions of large-scale and 
local-scale processes to variation in community structure (Menge and Olson 1990), and an 
understanding of components of variability which control, either positively or negatively, 
the patterns of persistence and coexistence observed, and which components are noise 
(Chesson 1986; Levin 1992).
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Appendix 3.1. Taxonomic list of molluscs collected in seagrass/macroalgal habitats in 
lower Florida Bay, 1993-1995. Nomenclature follows that of Abbott (1974) and 
Malacolog 2.0 (The Academy of Natural Sciences, Philadelphia database o f recent western 
Atlantic gastropods) with updated changes provided by authoritative consultations with 
molluscan taxonomists at Delaware Museum of Natural History and the National Museum 
of Natural History, Smithsonian Institution.
CLASS GASTROPODA
Family Trochidae Rafinesque, 1815 
Tegula fasciata (Born, 1778)
Family Turbinidae Rafinesque, 1815 
Turbo castanea Gmelin, 1791 
Astralium phoebia (Roding, 1798)
Lithopoma tecta (Gmelin, 1791)
Tricolia affinis (C.B. Adams, 1850)
Family Rissoinidae Stimpson, 1865
Rissoina cancellata Philippi, 1847 
Schwartziella catesbyana (Orbigny, 1842)
Family Vitrinellidae Bush, 1897
Cyclostremiscus beauii (Fischer, 1857)
Family Modulidae Fischer, 1884
Modulus modulus (Linne, 1758)
Family Cerithiidae Fleming, 1822
Cerithium ebumeum Bruguiere, 1792 
Cerithium muscarum Say, 1832 
Cerithium sp.
Family Crepidulidae Fleming, 1822
Crepidula fom icata  (Linne, 1758)
Crepidula aculeata (Gmelin, 1791)
Family Naticidae Gray, 1840
Natica canrena (Linne, 1758)
Family Muricidae da Costa, 1776
Haustellum messorium (Sowerby, 1841)
Chicoreus florifer (Reeve, 1846)
Murexiella macgintyi (M. Smith, 1938)
Aspella sp.
Favartia cellulosa (Conrad, 1846)
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Family Muricidae da Costa, 1776 (continued) 
Eupleura sulcidentata Dali, 1890 
Calotrophon ostrearum (Conrad, 1846)
Family Columbellidae Swainson, 1840
Columbella rusticoides Heilprin, 1887 
Costoanachis catenata (Sowerby, 1844) 
Costoanachis floridana (Rehder, 1939) 
Costoanachis semiplicata (Stearns, 1873) 
Anachis hotessieriana (Orbigny, 1842) 
Cosmioconcha nitens (C.B. Adams, 1850) 
Mitrella lunata (Say, 1826)
Astyris raveneli (Dali, 1889)
Family Buccinidae Rafinesque, 1815
Cantharus multangulus (Philippi, 1848)
Family Nassariidae Iredale, 1916
Nassarius albus (Say, 1826)
Family Fasciolariidae Gray, 1853
Latirus cariniferus Lamarck, 1822 
Fasciolaria tulipa (Linne, 1758)
Family Olividae Latreille, 1825
Oliva reticularis Lamarck, 1810 
Olivella nivea (Gmelin, 1791)
Family Mitridae Swainson, 1831
Mitra nodulosa (Gmelin, 1791)
Family Costellariidae
Vexillum albocincta (C.B. Adams, 1845)
Vexillum exiguum (C.B. Adams, 1845) 
Vexillum histrio (Reeve, 1845)
Vexillum sp.
Thala floridana (Dali, 1884) 
Thalafoveata (Sowerby, 1874)
Family Marginellidae Fleming, 1828
Dentimargo ebumeola Conrad, 1834 
Marginella camea (Storer, 1837)
Prunum guttatum (Dillwyn, 1817)
Prunum apicinum (Menke, 1828)
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Family Marginellidae Fleming, 1828 (continued)
Persicula catenata (Montagu, 1803)
Hyalina lactea (Kiener, 1841)
Volvarina avena (Kiener, 1834)
Family Conidae Rafinesque, 1815
Conus floridanus Gabb, 1868 
Conus jaspideus Gmelin, 1791
Family Terebridae H. and A. Adams, 1854 
Terebra dislocata (Say, 1822)
Family Turridae Swainson, 1840
Pilsbryspira leucocyma (Dali, 1883)
Pyrgospira tampaensis (Bartsch and Rehder, 1939) 
Crassispira cubana Melvill, 1923 
Cerodrillia perryae Bartsch and Rehder, 1939 
Crassispira apicata (Reeve, 1845)
Fenimorea moseri (Dali, 1883)
Cerodrillia sp.
Mangelia bartletti (Dali, 1889)
Family Pyramidellidae Gray, 1840
Pyramidella crenulata (Holmes, 1859)
Triptychus niveus Morch, 1875 
Turbonilla dalli Bush, 1899
Family Bullidae Rafinesque, 1815
Bulla striata Bruguiere, 1792 
Bulla sp.
Family Haminoeidae Pilsbry, 1895
Haminoea elegans (Gray, 1825)
Family Volvatellidae Pilsbry, 1895
Cylindrobulla beauii P. Fischer, 1856 
Cylindrobulla n.sp.
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CLASS BIVALVIA
Family Nuculidae Gray, 1824
Nucula crenulata A. Adams, 1856
Family Arcidae Lamarck, 1809
Barbatia Candida (Helbling, 1779)
Family Glycymerididae Newton, 1922
Glycymeris pectinata (Gmelin, 1791)
Family Mytilidae Rafinesque, 1815
Hormomya exusta (Linne, 1758) 
Musculus lateralis (Say, 1822) 
Modiolus modiolus (Linne, 1758)
Family Pteriidae Gray, 1847
Pinctada imbricata Roding, 1798
Family Pectinidae Rafinesque, 1815
Argopecten nucleus (Born, 1778)
Family Ostreidae Rafinesque, 1815 
Ostrea equestris Say, 1834
Family Lucinidae Fleming, 1828
Codakia orbiculata (Montagu, 1808) 
Lucina nassula (Conrad, 1846)
Family Ungulinidae H. and A. Adams, 1857 
Diplodonta punctata (Say, 1822)
Family Carditidae Fleming, 1820
Carditamera floridana Conrad, 1838
Family Cardiidae Oken, 1818
Laevicardium laevigatum (Linne, 1758) 
Laevicardium mortoni (Conrad, 1830)
Tellinidae Blainville, 1814
Tellina laevigata Linne, 1758 
Tellina lineata Turton, 1819 
Tellina similis Sowerby, 1806
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Family Semelidae Stoliczka, 1870
Cumingia coarctata Sowerby, 1833 
Abra aequalis (Say, 1822)
Family Veneridae Rafinesque, 1815
Chione cancellata (Linne, 1767) 
Transennella stimpsoni Dali, 1902 
Transennella conradina Dali, 1883 
Pitar albidus (Gmelin, 1791)
Family Lyonsiidae Fischer, 1887
Lyonsia beana (Orbigny, 1842)
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Appendix 3.2. Pearson correlation coefficients for the five most important species of 
gastropods and bivalves collected in suction samples in lower Florida Bay from July 1993 
to August 1995. Top mollusc species were determined by an index o f relative importance 
(modified from Krebs, 1994. See Methods section for detailed explanation). Species 
abundances (no. ind/sample) and various sediment (based on proportional composition of 
sample) and macrophyte biomass (gdwt-m'2) measurements were considered in the analysis 
(N = 28). Data are presented by Area and taxon. * p < 0.05.
A. Area 1: Gastropods
Nassarius
albus
Pilsbryspira
leucocyma
Cerithium
ebumeum
Conus
jaspideus
Rissoina
cancellatc
gravel 0.252 -0.052 0.384 0.323 -0.110
sand 0.047 0.026 0.157 0.100 -0.220
fines -0.180 0.007 -0.346 -0.264 0.246
Thalassia testudinum 0.319 -0.303 -0.367 -0.161 0.168
Halodule wrightii 0.257 -0.276 0.111 0.478 -0.119
Syringodium filiforme -0.245 -0.183 -0.318 -0.382 -0.128
Penicillus capitatus 0.118 -0.278 -0.190 -0.089 0.300
P. dumetosus 0.025 -0.114 -0.464 -0.012 0.629*
Halimeda incrassata 0.388 0.098 -0.328 0.037 -0.301
H. monile -0.359 -0.194 -0.127 0.023 -0.105
Other green algae 0.030 0.032 0.291 0.069 -0.142
Laurencia sp. -0.500 -0.330 0.546* -0.416 -0.235
Digenia simplex -0.433 -0.095 0.153 0.038 -0.178
Other red algae 0.115 -0.127 -0.286 -0.332 -0.290
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B. Area 2: Gastropods
Nassarius Pilsbryspira Cerithium Conus Rissoina
gravel -0.366 -0.119 0.065 0.293
sand 0.631* 0.289 0.344 -0.058
fines -0.165 -0.130 -0.384 -0.273
Thalassia testudinum -0.254 -0.317 -0.365 -0.438
Halodule wrightii 0.722* 0.545* -0.196 -0.146
Syringodium filiforme+
Penicillus capitatus -0.295 -0.519 -0.255 -0.507
P. dumetosus -0.376 -0.225 -0.261 -0.292
Halimeda incrassata -0.548* -0.207 -0.218 -0.092
H. monile 0.197 -0.222 0.295 -0.057
Other green algae -0.203 -0.409 -0.372 -0.368
Laurencia sp. -0.430 -0.273 -0.386 -0.312
Digenia simplex -0.291 -0.332 -0.200 -0.347
Other red algae -0.348 -0.250 -0.224 -0.309
+ No Syringodiumfiliforme or Rissoina cancellata were collected in Area 2.
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C. Area 1: Bivalves
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Hormomya Codakia Tellina Lucina Transennella
exusta orbiculata lineata nassula stimpsoni
gravel 0.647* 0.019 -0.223 -0.405 0.425
sand 0.022 0.136 -0.474 -0.170 0.209
fines -0.380 -0.125 0.522 0.369 -0.413
Thalassia testudinum -0.326 -0.353 -0.293 -0.235 -0.497
Halodule wrightii 0.030 0.037 -0.084 -0.079 0.025
Syringodium filiforme -0.186 -0.188 0.616* -0.083 -0.129
Penicillus capitatus -0.247 -0.670* 0.115 -0.128 -0.576*
P. dumetosus -0.263 -0.329 0.173 0.095 -0.386
Halimeda incrassata -0.056 -0.267 -0.407 -0.107 -0.305
H. monile 0.198 -0.252 -0.206 -0.183 -0.121
Other green algae 0.580* 0.098 0.437 -0.121 0.382
Laurencia sp. -0.010 -0.151 -0.149 -0.225 -0.053
Digenia simplex 0.545* -0.184 -0.159 -0.273 0.151
Other red algae -0.148 -0.474 -0.108 -0.273 -0.447
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D. Area 2: Bivalves
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Hormomya Codakia Tellina Lucina Transennella 
<exusta^^orb^ulat^^^ineat^^nassul^^^tim ^soTn^
gravel 0.017 0.280 0.123 0.579*
sand 0.361 -0.098 0.040 -0.509
fines -0.345 -0.221 -0.173 -0.183
Thalassia testudinum -0.121 0.247 0.479 -0.391
Halodule wrightii -0.123 -0.299 0.006 0.188
Syringodium filiforme*
Penicillus capitatus 0.284 0.026 0.608* -0.283
P. dumetosus -0.043 -0.113 0.742* -0.268
Halimeda incrassata 0.180 -0.296 0.614* -0.118
H. monile -0.121 -0.102 -0.310 -0.065
Other green algae -0.235 0.051 -0.084 -0.500
Laurencia sp. -0.063 -0.046 0.659* 0.122
Digenia simplex 0.804* -0.277 -0.028 0.418
Other red algae -0.078 -0.146 0.672* -0.279
+ No Syringodium filiforme or Lucina nassula were collected in Area 2.
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Chapter 4
The role of predation in structuring macrobenthic communities: 
Are spiny lobsters (Panulirus argus) the key to regulation of the 
molluscan assemblage in a Florida Bay seagrass system?
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ABSTRACT
Predation has been implicated as a primary structuring mechanism for various 
marine communities. The role of predation, in general, and the potential for keystone 
predation in regulating abundance and diversity of the macrobenthos in subtropical and 
tropical systems, areas where predation is predicted to be even more intense than in 
temperate or boreal environments, however, is obscure. The subtropical seagrass and 
macroalgal community of Florida Bay was deemed an appropriate location for studying 
the role of predation in regulating abundances and size-ffequency distributions based on its 
abundant and diverse populations of both predators and prey. This highly productive 
seagrass community is a primary nursery and foraging ground for various finfish and 
invertebrate predators, including the Caribbean spiny lobster, Panulirus argus. Two study 
areas were selected in seagrass meadows located within the boundaries o f Everglades 
National Park. A field experiment tested the hypothesis that variations in the physical 
structure of experimental shelters (a control and three structural treatments with varying 
degrees of overhead cover) would affect the abundance and composition of the predator 
guild, and that these predators would in turn have measurable and commensurate impacts 
on the nearby benthic community. In general, experimental structures (i.e., treatments) 
were successful in attracting and aggregating predators as hypothesized. Experimental 
structures providing more overhead cover attracted significantly more predators. Predator 
densities were representative of the naturally occurring fauna utilizing seagrass beds for 
food and shelter rather than the abnormally high densities reported from other studies 
utilizing artificial reefs. Although many of the predators, including the numerically
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dominant spiny lobster, prey heavily on or include molluscs in their diets, there were no 
significant impacts of predation by P. argus and finfishes on the abundance and species 
richness of the molluscan assemblage. Only size structure (i.e., lack of larger individuals) 
o f gastropods may have been influenced by spiny lobster predation, as suggested by a 
significant inverse relationship between gastropod size and median lobster size. Thus, 
predation by P. argus and various species of finfishes did not structure the gastropod and 
bivalve mollusc assemblage in these seagrass and macroalgal habitats. Area differences, 
however, seemed to have some influence on prey abundance and species richness given 
the consistent significant area effects prevalent throughout the data set. Moreover, P. 
argus at densities recorded in this study (x = 0.21 m'2) can not be considered a keystone 
predator or even a dominant predator in this system. In contrast to predation impacts 
reported for other congeners, P. argus did not significantly impact prey abundances and 
had at most a limited influence on size-frequency distributions within the prey spectrum. 
Ecological differences between P. argus and other lobsters may explain functional 
differences in the roles these predators play within their respective habitats. Predation in 
Florida Bay, as for other tropical and subtropical systems, seems to be differentiated in 
space and time, probably due to habitat heterogeneity, spatial and temporal variability in 
predator and prey abundances and distributions, the relatively high diversity of benthic 
prey, and ontogenetic shifts in diet and habitat use by predators. Conversely, the Florida 
Bay benthic community is likely a donor-controlled system with major influence through 
bottom-up or physical forces.
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INTRODUCTION
The distribution and abundance of organisms in time and space and the interactions 
between organisms are fundamental issues in the study of marine macrobenthic community 
dynamics. Full evaluation of the roles of various ecological processes that can structure 
communities requires an understanding of the relationships between the patterns of spatial 
and temporal distributions of both predators and their prey within a community. Predation 
has been observed in all types of communities and for some, including many marine 
communities, has been implicated as the primary mechanism regulating community 
structure. Predators directly affect prey populations by decreasing prey abundance, 
impacting spatial distributions, and altering frequency distributions of sizes of the 
individuals comprising the prey spectrum. Additionally, predators may cause numerous 
indirect effects on the prey community (see Kerfoot and Sih 1987; Schmitt 1987; 
Fairweather 1990; Menge 1995, 1997), such as maintenance of high species diversity 
within the community due to preferential feeding on the numerically dominant prey species 
(Paine 1966, 1969). It is not surprising, therefore, that predation is recognized as a major 
structuring mechanism in marine macrobenthic communities (e.g. Paine 1969; Connell 
1975; Menge and Sutherland 1976, 1987; Sih et al. 1985; Menge and Farrell 1989).
Interest in predation as it affects the structure o f prey populations continues with the 
recent debate over ‘top-down’ regulation of communities (e.g., Menge and Farrell 1989; 
Menge 1992; Strong 1992). The relative importance of predation impacts by specific 
predators, either when considered singly or in combination with other predators, however, 
remains uncertain and little studied for many marine communities, especially for those
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
159
habitats in sub-tropical and tropical environments.
In 1966, Paine proposed the predation hypothesis, which predicted that local 
species diversity was directly related to predation intensity and predator efficiency in 
regulating abundances of prey species, particularly those capable of monopolizing an 
important, often limiting, resource. Later, the concept of a keystone predator was 
introduced to describe those predators capable of regulating the abundance of a 
competitively dominant prey species through preferential feeding, thus allowing other 
species within the prey community to survive and species diversity of this community to 
increase (Paine 1969). Abundances and activities of keystone predators were touted as 
crucial in maintaining community structure.
The keystone predator concept has been broadly applied to many different systems 
and many different predator-prey interactions causing a recent re-examination of the utility 
and applicability of this concept (Mills et al. 1993; Menge et al. 1994; Power and Mills 
1995; Power et al. 1996). In the strictest sense (sensu Paine 1969), a keystone predator is 
exceptional in its importance relative to the rest of the community and its presence is 
critical to maintaining community structure (Mills et al. 1993). In Paine’s system, the 
predator (Pisaster ochraceus) fed preferentially on mussels, the competitive dominant for 
space, thereby regulating mussel abundance and indirectly providing space for less 
competitive attached, sessile species. Menge et al. (1994) supported the idea o f keystone 
predators but proposed a broader definition of the term in order to clarify the meaning of 
keystone species and provide a working definition that is applicable to more systems.
Under the Menge et al. (1994) interpretation o f a keystone predator, interaction strength
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(i.e., the ability of an organism to influence, either directly or indirectly, the structure of 
the entire assemblage of associated organisms) is important. Thus, a keystone predator 
regulates distribution, abundance, composition, size, and diversity of the prey community. 
Although criteria which distinguish keystone predators from other predators tend not to be 
unique, several properties frequently are more applicable to keystone predators than 
others. These include large body size in relation to prey, high functional and/or numerical 
responses, indeterminate growth, and high mobility (Menge et al. 1994, and references 
therein). The authors state that systems exhibiting strong predation may be under the 
influence of either keystone predation or diffuse predation (all predator species contribute 
significantly and equally to the overall predation effect; Menge and Lubchenco 1981; 
Lubchenco et al. 1984; Robles and Robb 1993). Evidence of strong predation, therefore, 
does not imply keystone predation in all cases. Intensity of impacts of one or many 
predators can only be determined through manipulative experiments.
The majority of paradigms and concepts for factors structuring marine 
communities, such as the relative roles of competition, predation (including keystone 
predators) and disturbance, have been hypothesized from tests conducted in rocky 
intertidal habitats (Connell 1961a,b; Paine 1966, 1969, 1980; Dayton 1971; Levin and 
Paine 1974; Menge and Sutherland 1976, 1987; Menge 1976, 1978; Lubchenco 1978; 
Lubchenco and Menge 1978; Sousa 1979; Paine and Levin 1981). The general 
acceptance of these concepts and paradigms has prompted investigators to test their 
applicability and generality in other habitats such as soft sediment systems including 
seagrass habitats. Impacts of predators in soft sediment habitats, however, do not seem to
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meet the criteria of a keystone predator in the strictest sense (sensu Paine 1969). 
Competitive dominance by one or a few species is not commonly observed in seagrass 
bed, infaunal communities (Wilson 1991). Yet, macrobenthic organisms tend to occur in 
extremely high densities in seagrass beds with few species being ecological dominants 
(Peterson 1979). Within soft sediment systems, high predation rates generally result in 
decreased abundances and altered size structure of prey populations rather than in changes 
in species diversity (Peterson 1979; Kviteck and Oliver 1992; Kviteck et al. 1992; Micheli 
1997; among others). Under the broader definition (Menge et al. 1994), many soft 
sediment, epibenthic predators could be considered keystone predators, particularly, in 
highly productive systems. High rates of food input appeared to be the most consistent, 
unifying property of keystone systems (Menge et al. 1994). Therefore, large, abundant, 
and highly mobile predators in productive environments are likely candidates for 
consideration as a keystone predator.
The potential for keystone predation and the role of predation, in general, in 
regulating abundance and diversity of the macrobenthos in subtropical and tropical 
systems, areas where predation is predicted to be even more intense (Alongi 1989) than in 
temperate areas, remains obscure. Subtropical and tropical seagrass/macroalgal systems 
are extremely productive habitats (Zieman et al. 1979; Zieman 1982; Zieman et al. 1989) 
and support diverse and abundant faunas of both predators and prey (Turney and Perkins 
1972; Ogden 1980; Yanez-Arancibia and Day 1988; Holmquist et al. 1989; Sogard et al. 
1989a, b; Zieman and Zieman 1989), yet predator-prey dynamics within these complex 
environments have not been explored in detail. Attempts to confirm or refute hypotheses
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regarding predation as a major structuring factor in subtidal, subtropical or tropical 
systems are limited and results of these studies are equivocal and therefore inconclusive 
(Young et al. 1976; Young and Young 1978; Mahoney and Livingston 1982; Vargus 
1988; Alongi 1989; Edgar 1990b; others). Faunal diversity is high in the tropics and 
subtropics, therefore, if the predation hypothesis (i.e., high faunal diversity results from 
keystone predation; Paine 1969) is applicable to these communities it follows, then, that 
keystone predators should be more commonly represented in tropical and subtropical 
communities (Krebs 1994) compared with temperate communities. However, few 
keystone predators have been observed.
Subtropical seagrass beds of Florida Bay provide an appropriate arena for studying 
the role of predation in regulating abundances and size frequency distributions within the 
prey spectrum. This seagrass community is a primary nursery and foraging ground for 
various finfishes and invertebrate populations. The Caribbean spiny lobster, Panulirus 
argus, a high level predator, utilizes the Florida Bay system from settlement to the 
subadult stage of its life cycle. Panulirus argus is a numerically dominant species which 
feeds preferentially on gastropods (Cox et al. 1998) and bivalves throughout its residency 
in the seagrass bed. The spiny lobster is a reasonable candidate for consideration as a 
keystone predator given its persistent relative abundance, size in relation to its prey, and 
mobility. Other species of spiny lobsters also have been implicated as ecosystem 
regulators, if not keystone predators, in their respective habitats (Jasus lalandii: Griffiths 
and Seiderer 1980; Barkai and Branch 1988; Barkai and McQuaid 1988; Panulirus 
interruptus: Tegner and Levin 1983; Robles and Robb 1993; Panulirus cygnus: Joll and
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Philips 1984; Edgar 1990a,b). Previous research within Florida Bay measuring predator 
activities o f spiny lobster at artificially high densities has suggested that lobsters impact 
macrobenthic prey assemblages by reducing molluscan abundance (Proft 1995). Whether 
predation impacts molluscan assemblages where lobster densities occur at natural levels 
has not been addressed. Therefore, a manipulative experiment was designed in a Florida 
Bay seagrass/macroalgal system to quantify overall predation effects on macrobenthic 
community structure, particularly for molluscs; to evaluate the trophic ecology of spiny 
lobster relative to other predator species; and to assess spiny lobsters as a keystone 
predator. Specific objectives of this research were to (1) quantify spiny lobster and finfish 
abundances during the experimental period; (2) determine effects of spiny lobster and 
finfish predation on abundances of the molluscan component of the macrobenthic 
community as a function of predator abundances; (3) examine size structure of both 
predator and prey organisms.
METHODS
The field experiment was designed to test the hypothesis that variations in the 
physical structure of artificial shelters, called casitas, would attract different members o f 
the casita predator guild and that these predators would then have measurable impacts on 
the nearby benthic community. Since spiny lobster was known to be a numerically 
dominant benthic predator in Florida Bay seagrass beds, shelters were designed primarily 
to manipulate spiny lobster abundances by modifying physical properties o f the shelter to 
create an assumed den preference gradient. Characteristics of a preferred spiny lobster
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den include presence of a shaded cover, multiple entrances, and low roof height (Spanier 
and Zimmer-Faust 1988, Eggleston et al. 1990, Butler and Herrnkind 1997).
Abundances of predatory fishes were also hypothesized to vary based on shelter 
requirements of individual species. Thus, the relative composition of this predator guild 
could be manipulated and the relative impact of predation by spiny lobsters and fmfishes 
could be assessed. This experiment utilized four treatments:
(1) control (no structure) - no attraction value to predators and no enhancement o f
predator abundances,
(2) casita frame (no roof) - designed to attract only those fishes that are attracted to
structure, but that otherwise have no overhead shelter requirements; unattractive 
to spiny lobsters because lacking overhead cover,
(3) mesh-roof casita (frame covered with 3.8 cm diamond mesh vexar) - designed to
attract most of the fish assemblage but not spiny lobsters because lacking shaded 
overhead cover, and
(4) full-roof casita (frame covered with 0.32 cm aluminum sheet metal) - designed to
attract the entire casita predator guild (includes both spiny lobsters and fmfishes) 
by providing full overhead cover.
Casita design was a scaled-down modification o f casitas described in Eggleston et 
al. (1990). All casitas were constructed of 7.6 cm PVC frames and measured 100 cm 
length x 60 cm width x 7 cm height of opening. Each PVC pipe was filled with concrete 
to eliminate additional shelter (i.e., inside PVC) and to add weight to the structure to 
minimize movement induced by tide and waves. Results from a pilot study had previously
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demonstrated that concrete-filled frames were sufficiently weighted and remained 
stationary during severe weather events. Control treatments were marked by a partially 
buried cement block, which could be located easily but which did not provide shelter for 
any organisms being studied. Casitas were constructed and all treatments deployed in July 
1993.
Two locations, in seagrass meadows located within the boundaries within 
Everglades National Park, were selected as experimental areas (Figure 4.1). Additionally, 
the two study areas were located approximately 12 km apart in separate basins within 
Florida Bay that were separated by seagrass-covered sand banks thereby eliminating any 
interaction between experiments being conducted at each location. Four experimental sites 
were then created (Figure 4.1); two in Area 1 (ARBI and ARB2) and two in Area 2 (PK 
and BK). Within locations, sites were separated by at least 1 km distance to eliminate 
interaction between them. Each site consisted of four replicates of each treatment, 
randomly interspersed over 2.4 ha. Each structure was located 50 m distant from adjacent 
structures in an attempt to eliminate interaction between treatments within sites. Thus, 
sites were replicated within location and treatments were replicated within site.
During each sampling period a suite of data was collected to characterize the 
predator guild and macrobenthic community as well as to gather information on sediment 
composition and above-ground macrophyte biomass at each site. Time zero samples were 
collected when treatments were deployed (Jul 1993). Sampling occurred quarterly during 
the first year (Nov 1993, Feb 1994, May 1994, Aug 1994), then biannually (Feb 1995,
Aug 1995) the following year.
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Visual surveys using SCUBA, modified after techniques outlined in Hixon and 
Beets (1989), were conducted at each experimental treatment prior to suction sampling to 
determine the composition and abundance of the predator guild associated with each 
structure. Species were identified, individuals enumerated, and size composition estimated 
for spiny lobster and all finfishes associated with each experimental treatment.
To assess macrobenthic invertebrate abundance and taxonomic composition, four 
replicate benthic suction samples were taken at random locations, 3 m from each 
structure, on each sampling date during the first year of the experiment. During the 
second year three replicate samples were taken each sampling period at each structure. In 
total, 1664 samples were collected. Benthic suction sampling procedure was a 
modification of methods used by Orth and van Montfrans (1987). Each sample consisted 
of a 30 sec duration suction that collected sediment, vegetation, and organisms from a 
0.05 m2 area (a 25.4-cm diameter sampling ring, fitted with a 1-mm mesh top to eliminate 
escape of mobile organisms) and deposited the sample in a 1-mm mesh bag. Samples 
were then sieved through 2-mm wire mesh to eliminate the majority of sand and shell hash. 
The remaining sample was deposited in a freezer bag and frozen until processing could be 
completed.
Benthic samples were visually sorted in the laboratory. All gastropod shells were 
carefully examined to ensure that a gastropod was actually residing in the shell. Presence 
of an operculum was the best evidence, but, when necessary, the lip of the shell was 
broken to verify that a gastropod was actually present within the shell. Worms and hermit 
crabs, frequent residents of gastropod shells, were recorded in their appropriate
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categories. Once sorted, all organisms were then enumerated and categorized into 
taxonomic groups. For the purpose of this study three major prey categories were 
considered: gastropods, bivalves, and other macrobenthic organisms, which included 
shrimps, crabs, amphipods, isopods, fishes, echinoderms, worms, and chitons. All 
organisms were retained and preserved in 10% formalin and subsequently transferred to 
70% ethanol for long term storage. Empty shells were not included in the analyses.
Molluscs were later identified to the lowest taxonomic level possible using 
authoritative keys and comparative material housed at the Delaware Natural History 
Museum, Wilmington, DE, and the Division of Molluscs, National Museum of Natural 
History, Smithsonian Institution, Washington, D.C. The majority o f identifications were 
verified by collaborative exchange with an expert taxonomist (P. Mikkelsen) formerly at 
the Delaware Natural History Museum. Voucher specimens were retained for future 
reference. Additionally, shell heights of all molluscs were measured with dial calipers to 
the nearest 0.1 mm and recorded.
A randomly selected subset of suction samples (N = 112) was analyzed. From 
each sampling date, one example of each treatment type was randomly selected for each 
experimental site. Thus, treatments were replicated within locations not experimental 
sites. One suction sample randomly chosen for each selected treatment was then sorted. 
Sediment and above-ground biomass samples, corresponding to the benthic samples from 
the randomly selected treatments, were also processed (procedures detailed in Chapter 3).
Predators were further characterized based on their potential to impact the 
molluscan assemblage. Spiny lobsters of sizes greater than 20 mm CL were included in
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the lobster category. Individuals of any fish species known to include molluscs in their 
diets (Randall 1967), were counted as mollusc-eating fishes, unless there was evidence 
that the size of individuals observed at experimental structures had alternative food habits. 
For example, only larger individuals 10 cm TL) of Haemulon aurolineatum include 
gastropods in their diets; individuals in the size range observed at experimental structures 
(2-7 cm TL) feed mainly on very small crustaceans (copepods; Sedberry 1985).
Haemulon aurolineatum in this study, therefore, were placed in the non-molluscivore 
category. Non-molluscivores also included all other fishes that exclude molluscs from 
their diets, small spiny lobsters (CL £ 20 mm), and spider crabs. The only major 
difference in diets of younger and older juvenile spiny lobsters occurs in the size of the 
prey items consumed by the lobster (Pattillo et al. 1997). Even early benthic stage 
lobsters (6-8 mm CL) are reported to include molluscs in their diet (Marx and Herrnkind 
1985a, b). Since suction samples were sieved through a 2-mm mesh it was possible that 
the smallest molluscan individuals, presumably of the size range that newly settled lobsters 
could consume, were not retained. Therefore, small spiny lobsters were classified as 
nonmolluscivores for the purposes of this study.
Statistical Analysis
Predator and prey abundance data (N = 96) were analyzed using a repeated 
measures analysis of variance model (RM-ANOVA) since abundances of predator and 
prey organisms could potentially be correlated over time. Three prey categories 
(gastropods, bivalves, and other macrobenthic organisms) and three predator categories 
(lobsters, mollusc-eating fishes, and non-molluscivores) were treated as individual
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
169
dependent variables. Tests of significance of the main effects o f Area (Area 1 and Area 2) 
and Treatment (control, frame only, mesh-roof casita, and fiill-roof casita) were based on 
a two-way factorial design with two replicates [site(area*treatment)J repeated over time. 
Area and treatment were considered fixed effects and site as random and nested within the 
area*treatment combinations. Tests of both main effects and their interaction used the 
experimental error due to replicates rather than the overall experimental error. Time (sue 
sampling periods) and its interactions with the main effects were evaluated using the 
overall experimental error term. Samples collected during Jul 1993 were not included in 
these analyses since treatment effects were nonexistent at Time zero. Abundances were 
ln(x+l)-transformed to normalize data and stabilize variances. Significant interactions 
and lower-level effects were examined using Student-Newman-Keuls (SNK) multiple 
comparisons (Underwood 1997).
Predator size may be an important factor in structuring prey populations. For 
example, rate of prey consumption by the predator or prey size selection may both be 
proportional to predator size. Therefore, mean predator size within the three predator 
categories was calculated for each sampling period, area, and site combination. Variation 
in mean size structure of predators over time and between areas for each predator group 
(spiny lobster, mollusc-eating fishes, and nonmolluscivores) was examined using ANOVA. 
Additionally, the relationship between size structure of spiny lobsters and casita 
complexity was examined using the Mantel-Haenszel procedure. Sizes of spiny lobsters 
were delineated into five size classes. Size was then treated as an ordinally scaled 
categorical variable. Treatment served as the nominally scaled variable. Control
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treatment was not included in the analysis, since lobsters were never recorded from those 
treatments. However, due to small sample size (< 24 lobsters) at the frame treatment, 
only mesh-roof and full-roof treatments were examined in Area 1.
The association between spiny lobster and prey size frequencies were examined 
using logistic regression. The probability of being a large gastropod or bivalve was 
modeled as a function of median lobster size per experimental structure, lobster density 
(no. ind/casita) and their interaction. Area was included as a variable also to account for 
potential underlying differences due only to habitat location. To improve the model fit, 
the covariance matrix was multiplied by the heterogeneity factor o f 1.37 to correct for 
overdispersion. Large gastropods and bivalves were defined as any individual greater than 
or equal to 10 mm.
Predators may also influence prey species diversity. Predators able to maintain 
prey populations at low abundance levels theoretically reduce competition between 
individuals, thus allowing more species to coexist in the community (Paine 1966). Local 
prey diversity, therefore, may be directly related to predation intensity. Gastropod and 
bivalve species richness (S) were analyzed using the repeated measures analysis of 
variance, described above, to address the relationship between prey species richness and 
predator abundances.
RESULTS
Predator Composition
Considering only structures included in this analysis (N = 112), 870 crustacean
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and piscine predators representing 25 species were censused during the experiment (Table 
4.1). Molluscivores were more prevalent (N = 664) than non-molluscivores (N = 206) 
comprising 76 % of the total casita-associated fauna. The Caribbean spiny lobster, 
Panulirus argus, was the numerically dominant molluscivore, comprising 86 % of all 
molluscivores (N = 570), and occurred at 65 % of sampled structures throughout the 
experiment (47 of 72 structures; controls and Jul 93 data excluded). Other molluscivores 
(Table 4.1) included various species of grunts (e.g., Haemulon sciurus and Anisotremus 
virginicus) and crabs (Menippe mercenaria and Callinectes spp.). Fishes were much 
more abundant than crabs, comprising 90 % of molluscivores exclusive of spiny lobsters. 
After P. argus, H. sciurus was the next most abundant molluscivore (N = 57) contributing 
61 % of the individuals. Non-molluscivores included predominately small grunts 
CHaemulon aurolineatum and Anisotremus virginicus) and gray snapper (Lutjanus 
g rise us). These three species comprised 79 % of the total casita-associated, non- 
molluscivore fauna. Other less abundant fishes in this predator category included Equetus 
acuminatus (high hat), Diplectrum formosum (sand perch) and Ginglymostoma cirratum 
(nurse shark).
Five predator species were common to both locations and all four sites: Panulirus 
argus, Anisotremus virginicus, Haemulon sciurus, H. aurolineatum, and Lutjanus 
griseus. Five additional species were found in both locations but not at all sites: 
Diplectrum formosum, Acanthurus coeruleus, H. macrostomum, Menippe mercenaria, 
and an unidentified spider crab (ILibinia dubia). Three species were unique to Area 1 
(observed at both sites): Gerres cine reus, Sparisoma radians, and Hypoplectrus unicolor,
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whereas only Callinectes similis was unique to Area 2. Each site had at least one unique 
species: Equetus acuminatus, Ginglymostoma cirratum, and Ocyurus chrysurus were 
unique to ARBI; H. plumieri and L. analis to ARB2; H. flavolineatum  to PK; and 
Haemulon sp. and an unidentified puffer fish to BK. With the exception of E. acuminatus 
at ARB 1, these species were observed only during one sampling period.
In general, predator composition was more similar between sites within an area 
than between areas. Area 1 had a more diverse predator guild with 15 species observed at 
each site over the course o f the experiment; 10 species were common to both sites. Area 
2 had 11 predator species associated with each site over the course o f the experiment; 7 of 
these were common to both sites.
Predator Abundance
Predator abundances did not differ significantly between areas for either spiny 
lobsters (RM-ANOVA, F = 0.54, p = 0.4829, Table 4.2) or non-molluscivores (RM- 
ANOVA, F = 1.12, p = 0.3208, Table 4.3). In contrast, molluscivorous fish abundance 
was significantly greater in Area 1 than Area 2 (RM-ANOVA, F = 6.70, p = 0.0322, Table 
4.4).
Treatment was a significant predator-related factor (RM-ANOVAs: spiny lobster,
F = 68.99, p = 0.0001; molluscivorous fishes, F= 7.05, p = 0.0123; non-molluscivores, F = 
27.21 p = 0.0002; Tables 4.2-4.4). All forms of structure (i.e., casita frame, mesh-roof 
casita, and full-roof casita) attracted and aggregated a predator guild. Overall, predator 
abundance was manipulated as hypothesized; more complex structures accommodated 
more predators than simpler treatments (Figure 4.2). Additionally, treatments affected
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predator abundance in a similar manner across sites and areas.
Patterns in casita occupancy, however, differed between groups of predators 
(Figures 4.3-4.5). Mean lobster abundance (Figure 4.3) was significantly greater at full- 
roof casitas than mesh-roof casitas (SNK, p < 0.01). Both treatments were utilized by 
significantly more lobsters than casita frames and controls (Figure 4.3), which did not 
differ significantly from each other (SNK, p < 0.01). Thus, three functionally different 
treatments representing a decreasing gradient of predator abundance of spiny lobsters 
were recognized: full-roof, mesh-roof, casita frame = control. In contrast, mean 
abundance of molluscivorous fish (Figure 4.4) was highest at the mesh-roof casita, 
followed by the full-roof casita, casita frame and control. Full-roof and mesh-roof casitas, 
although not significantly different from each other (SNK, p > 0.05), were utilized by 
significantly more fishes than either the casita frame or control treatments, which also did 
not differ significantly from each other (SNK, p < 0.05). Non-molluscivores (Figure 4.5) 
showed similar patterns in casita occupancy to that of the spiny lobster, but like 
molluscivorous fishes, two functionally different treatments were operating: full- and 
mesh-roof casitas housed significantly more individuals than casita frame and control 
treatments (SNK, p < 0.01).
Although spiny lobster abundance did not differ significantly over time (RM- 
ANOVA, F = 1.82, p = 0.1304, Table 4.2) recruitment was apparent in late winter and 
spring (Figure 4.6). In contrast, mean abundance of molluscivorous fishes differed 
significantly over the course of the experiment (RM-ANOVA, Time and all interactions, 
Table 4.4). Significant differences in abundance over time were driven primarily by higher
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abundances during May 1994 and Aug 1995, in combination with significant treatment 
(more predators utilizing mesh- and full-roof casita treatments) and area (Area 1 > Area 2) 
effects. Non-molluscivores did not show significant differences in seasonal abundance. A 
significant Time*Treatment effect (RM-ANOVA, F = 2.14, p = 0.0283, Table 4.3) was 
detected for this predator category, however, this difference was due primarily to 
treatment utilization by these predators during the course o f the experiment.
Prey Composition
Prey abundance from a total of 112 suction samples (0.05 m2 each) yielded 7480 
individuals, with density per sample ranging from 6 to 1027 (66.8 ± 10.6; x ± se). Of 11 
prey categories utilized for this study, bivalves (N = 3359), worms (N = 1892) and 
gastropods (N = 884) were numerically dominant, comprising 82% of the total fauna 
collected (Appendix 4.1).
Gastropod and bivalve molluscs were predominant and prevalent in the samples 
(gastropods: 98% o f samples; bivalves: 94 % of samples) both in abundance and 
diversity (75 gastropod and 25 bivalve taxa; see Chapter 3; Tables 3.6 and 3.9) and 
comprised 7-99% of organisms collected per sample ( x = 43.5%). Density per sample 
ranged from 0 to 43 (7.9 ± 0.7) for gastropods and 0 to 998 (30.0 ± 10.3) for bivalves. 
Only one species showed a high degree of numerical dominance; Hormomya exusta 
accounted for 87.6% of all bivalves collected. In contrast, the most abundant gastropod, 
Nassarius albus, accounted for only 20% of all gastropods collected. Four species of 
bivalves and 16 species o f gastropods were represented by a single individual. In-depth 
analysis of the patterns of abundance and diversity of bivalve and gastropod molluscs is
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reported elsewhere (See Chapter 3).
Collectively, 3237 individuals were included in the ‘other prey’ category. Besides 
worms, amphipods (N = 416) were numerical dominants each of which comprised 58% 
and 13% of the individuals, respectively. Number of ‘other prey’ individuals per sample 
ranged from 1 to 233 (28.9 ± 2.7).
Prey Abundance
Area was a significant prey-related factor with differences in mean density evident 
for all prey categories (RM-ANOVAs: gastropods, F = 25.43, p = 0.0010; bivalves, F = 
8.62, p = 0.0188; other prey, F = 51.51, p = 0.0001; Tables 4.5-4.7). Area 1 supported 
significantly higher abundances of gastropods (Figure 4.8) and ‘other prey’ (Figure 4.9), 
whereas Area 2 generally supported significantly higher abundances of bivalves (Figure 
4.10). The treatment effect was not significant for any prey category; casita complexity 
(i.e., treatment) had no direct effect on mean prey density (Tables 4.5-4.7).
Overall, seasonality did not play a major role in regulating gross trends in 
macrobenthic abundances at the study sites. Gastropod and “other prey” abundances 
remained relatively constant throughout the entire experimental period (Time and its 
interactions ns, Tables 4.5,4.7; Figures 4.8, 4.9). Bivalves, however, did show seasonal 
trends most likely resulting from recruitment events of H. exusta. Bivalves were more 
abundant in winter/spring months (Nov 1993 and Feb, May 1994, Feb 1995) and least 
abundant during late summer (Aug 1994, 1995; Figure 4.10).
Predator - Prey Relationships
Predator and prey abundances were not significantly cross correlated between any
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
176
predator or prey groupings (Figures 4.11-3.14). No linear or non-linear patterns were 
apparent; relationships between predator and prey abundances were similar between areas. 
Predator Size
Mean lobster size did not differ significantly between areas over the course of 
study ((Figure 4.15; two-way ANOVA, F = 0.91, p = 0.360). However, lobster size 
increased significantly after the May 1994 sampling period (two-way ANOVA, F = 8.64, 
p = 0.001; SNK, p < 0.05); Feb 1995 did not differ significantly from either group (SNK, 
p > 0.05).
The casita treatments did not consistently affect the size structure of spiny lobsters. 
Spiny lobster size did not change significantly between the mesh- and full-roof treatments 
in Area 1 (2x5 table, Mantel-Haenszel Chi-square = 0.57, d f=1, p = 0.450). In Area 2, 
however, lobster size increased significantly with increasing casita complexity (3x5 table, 
Mantel-Haenszel Chi-square = 30.78, df = 1, p = 0.001), which most likely caused the 
significant difference in lobster size by treatment between areas (Cochran-Mantel- 
Haenszel statistics, row mean scores differ = 13.89, df = 1, p = 0.001).
Small sample sizes and sporadic utilization of the experimental structures 
precluded the statistical analysis of size structure for both mollusc-eating fishes and non- 
molluscivores. Qualitatively, the overall size structure of fish associates was not highly 
variable during the study period with the majority of individuals ranging in size from 4-12 
cm TL (Figures 4.16 and 4.17). The broadest size ranges for both these predator 
categories were observed in Aug 1995.
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Prey Size
Size structure of the entire gastropod assemblage varied consistently with time and 
followed a parallel trend between locations (Figure 4.18). Individuals with shell height of 
5-8 mm consistently comprised a high proportion of individuals collected in each area on 
each sampling date. Apparently no major recruitment events took place in either area 
prior to any of the sampling periods (Figure 4.18).
Overall, size structure of the bivalve assemblage was also relatively stable over 
time and between areas, with very few large bivalves (> 13.0 mm) collected throughout 
experimental sampling (Figure 4.19). In contrast to the gastropod assemblage, bivalve 
size structure was influenced by at least one large recruitment event o f Hormomya exusta, 
which contributed extensively to the high frequency of 5-8 mm individuals collected in 
Nov 93, Feb 94, and May 94, particularly in Area 2 (Figure 4.19).
Size frequency of gastropods was correlated negatively over time with lobster size, 
suggesting that larger lobsters preyed upon large gastropods (Figure 4.20; Hosmer and 
Lemeshow goodness-of-fit test; goodness-of-fit statistic = 12.077, p = 0.0981).
Underlying area differences were apparent (Table 4.5 and Figure 4.8); area and lobster 
size were the only variables which met the 0.05 significance level for inclusion in the 
model.
In contrast, there was no apparent association between bivalve size and lobster 
size. No significant relationships existed between bivalve size and either area, median 
lobster size or lobster density when the data were analyzed using both logistic and linear 
regression models.
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Prey Species Richness
Predation did not significantly influence gastropod species richness. The non­
significant Treatment effect (Table 4.8) implies that predators, which were successfully 
manipulated by treatment design (Tables 4.2-4.4), did not impact gastropod species 
richness. In contrast, Area significantly influenced species richness, with Area 1 having 
more species (n = 70) than Area 2 (n = 37) (Table 4.8). Species richness did not change 
significantly throughout the experiment (Table 4.8).
Bivalve species richness was also not affected by predation, as indicated by the 
non-significant treatment effect (Table 4.9). Bivalve species richness did not differ 
significantly between areas, though the Time*Area interaction was significant (Table 4.9). 
Mean richness was significantly higher in Area 1 than Area 2 during the Feb 1994 and 
1995 sampling periods (SNK, p < 0.05). Also, in Area 1, mean species richness was 
significantly greater in Feb 1994 and 1995 than all other sampling periods. Mean species 
richness did not differ significantly over time in Area 2 (SNK, p > 0.05).
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Table 4.1. Predator composition (fishes and crustaceans) observed at experimental sites during this study (data collapsed across dates) 
Predator species (ranked by decreasing abundance) arranged by trophic category. Size ranges, based on estimated size of each 
organism during visual surveys, reported in mm TL for fishes, mm CL for spiny lobster, and mm CW for crabs. (* = predator species 
observed at least once per site; ** = common (observed > four sampling periods or comprised at least 20% of predators observed per 
site).
AREA 1 AREA 2
Predator
Total
Abundance
(N)
ARBI ARB2 Size Range 
(mm)
PK BK Size Range 
(mm)
Molluscivores:
Panulirus argus (> 25 mm) 570 ** ** 25-95 ** ** 25-90
Haemulon sciurus 57 ** ** 40-150 * * 30-150
Anisotremus virginicus (> 50 mm) 14 ** * 50-100 * ** 50-180
Gerres cinereus 6 * * 50-100
Menippe mercenaria 5 * * 80-90 * 70-90
Callinectes similis 3 * * 40-80
Haemulon carbonarium 2 * 80
Haemulon sp. 2 * 40
Haemulon flavolineatum 1 * 40
Haemulon plumieri 1 * ca. 80
Lutjanus analis 1 * 60
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Table 4.1. Continued.
AREA 1 AREA 2
Predator
Total
Abundance
(N)
ARBI ARB2 Size Range 
(mm).
PK BK Size Range 
(mm)
Callinectes sapidus 1 * 35
unidentified puffer fish 1 * 30
Non-molluscivores:
Haemulon aurolineatum 83 ** * 30-60 ** ** 20-70
Lutjanus griseus 58 ** * 60-300 * ** 50-150
Anisotremus virginicus (< 50 mm) 21 * * 20-40 * * 20-30
Panulirus argus (< 20 mm) 9 * 20 * * 15-20
Haemulon macrostomum 7 * 40-80 * 40
Equetus acuminatus 7 * 20-80
Spider crab (Libinia dubial) 6 * 80 * * 20-70
Diplectrum formosum 5 * * 60-150 * 80
Acanthurus coeruleus 2 * 100 * 80
Ginglymostoma cirratum 2 * 800-1000
Hypoplectrus unicolor 2 * * 50-60
Sparisoma radians'? 2 * * 80-150
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Table 4.2. Repeated-measures Analysis o f Variance for lobster abundance data. Data 
were ln(x+l) transformed. Type III Sum of Squares are reported. Site(Area x Treatment) 
is the error term used to test Area, Treatment, and Area x Treatment effects. All other 
factors are tested with overall mean square error term. Trt = treatment.
Source DF Sum of Squares Mean Square F value p value
Area 1 0.2209 0.2209 0.54 0.4829
Treatment 3 84.4811 28.1604 68.99 0.0001***
Area x Trt 3 2.0257 0.6752 1.65 0.2528
Site (Area x Trt) 8 3.2655 0.4082
Time 5 7.1424 1.4285 1.82 0.1304
Time x Area 5 5.0951 1.0190 1.30 0.2832
Time x Trt 15 9.7192 0.6479 0.83 0.6436
Time x Trt x Area 15 11.3498 0.7567 0.97 0.5063
Error 40 31.3493 0.7837
Total 95 154.6490
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Table 4.3. Repeated-measures Analysis of Variance for ‘other predator’ abundance data. 
Data were ln(x+l) transformed. Type III Sum of Squares are reported. Site(Area x 
Treatment) is the error term used to test Area, Treatment, and Area x Treatment effects. 
All other factors are tested with overall mean square error term. Trt = treatment.
Source DF Sum of Squares Mean Square F value p value
Area 1 0.3420 0.3420 1.12 0.3208
Treatment 3 24.9314 8.3105 27.21 0.0002***
Area x Trt 3 2.6872 0.8957 2.93 0.0994
Site (Area x Trt) 8 2.4433 0.3054
Time 5 13.7794 2.7559 8.48 0.0001***
Time x Area 5 1.5994 0.3199 0.98 0.4396
Time x Trt 15 10.4167 0.6944 2.14 0.0283*
Time x Trt x Area 15 4.5802 0.3055 0.94 0.5315
Error 40 13.0046 0.3251
Total 95 73.7841
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Table 4.4. Repeated-measures Analysis of Variance for molluscivorous fish abundance 
data. Data were ln(x+l) transformed. Type III Sum of Squares are reported. Site(Areax 
Treatment) is the error term used to test Area, Treatment, and Area x Treatment effects. 
All other factors are tested with overall mean square error term. Trt = treatment.
Source DF Sum of Squares Mean Square F value p value
Area 1 1.5733 1.5733 6.70 0.0322*
Treatment 3 4.9697 1.6566 7.05 0.0123*
Area x Trt 3 1.0091 0.3364 1.43 0.3037
Site (Area x Trt) 8 1.8796 0.2350
Time 5 7.9816 1.5963 11.81 0.0001***
Time x Area 5 4.9843 0.9969 7.37 0.0001***
Time x Trt 15 5.7965 0.3864 2.86 0.0041**
Time x Trt x Area 15 4.8542 0.3236 2.39 0.0141*
Error 40 5.4070 0.1352
Total 95 38.4553
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Table 4.5. Repeated-measures Analysis of Variance for gastropod abundance data. Data 
were ln(x+l) transformed. Type III Sum of Squares are reported. Site(Area x Treatment) 
is the error term used to test Area, Treatment, and Area x Treatment effects. All other 
factors are tested with overall mean square error term. Trt = treatment.
Source DF Sum of Squares Mean Square F value p value
Area 1 19.5846 19.5846 25.43 0.0010*
Treatment 3 2.3194 0.7731 1.00 0.4396
Area x Trt 3 3.3481 1.1160 1.45 0.2993
Site (Area x Trt) 8 6.1612 0.7702
Time 5 2.0215 0.4043 1.41 0.2402
Time x Area 5 0.7961 0.1592 0.56 0.7324
Time x Trt 15 3.1404 0.2094 0.73 0.7384
Time x Trt x Area 15 4.4168 0.2945 1.03 0.4472
Error 40 11.4405 0.2860
Total 95 53.2285
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Table 4.6. Repeated-measures Analysis of Variance for bivalve abundance data. Data 
were ln(x-t-l) transformed. Type III Sum of Squares are reported. Site(Area x Treatment) 
is the error term used to test Area, Treatment, and Area x Treatment effects. All other 
factors are tested with overall mean square error term. Trt = treatment.
Source DF Sum of Squares Mean Square F value p value
Area 1 26.0321 26.0321 8.62 0.0188*
Treatment 3 8.2154 2.7385 0.91 0.4793
Area x Trt 3 1.9687 0.6562 0.22 0.8817
Site (Area x Trt) 8 24.1548 3.0194
Time 5 31.6913 6.3383 8.08 0.0001***
Time x Area 5 26.2385 5.2477 6.69 0.0001***
Time x Trt 15 12.6739 0.8449 1.08 0.4060
Time x Trt x Area 15 10.7818 0.7188 0.92 0.5540
Error 40 31.3803 0.7845
Total 95 173.1368
Efl
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Table 4.7. Repeated-measures Analysis o f Variance for ‘other prey’ abundance data. 
Data were ln(x+l) transformed. Type III Sum of Squares are reported. Site(Areax 
Treatment) is the error term used to test Area, Treatment, and Area x Treatment effects. 
All other factors are tested with overall mean square error term. Trt = treatment.
Source DF Sum of Squares Mean Square F value p value
Area 1 27.9012 27.9012 51.51 0.0001***
Treatment 3 1.0553 0.3518 0.65 0.6051
Area x Trt 3 0.6732 0.2244 0.41 0.7475
Site (Area x Trt) 8 4.3337 0.5417
Time 5 1.5360 0.3072 0.91 0.4814
Time x Area 5 2.4079 0.4816 1.43 0.2332
Time x Trt 15 2.1406 0.1427 0.42 0.9621
Time x Trt x Area 15 3.0069 0.2005 0.60 0.8597
Error 40 13.4349 0.3359
Total 95 56.4896
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Table 4.8. Repeated-measures Analysis of Variance for gastropod species richness data. 
Type III Sum of Squares are reported. Site(Area x Treatment) is the error term used to 
test Area, Treatment, and Area x Treatment effects. All other factors are tested with 
overall mean square as the error term. Trt = treatment.
Source DF Sum of Squares Mean Square F value p value
Area 1 412.5104 412.5104 16.04 0.0039*
Treatment 3 148.8646 49.6215 1.93 0.2034
Area x Trt 3 114.5313 38.1771 1.48 0.2906
Site (Area x Trt) 8 205.7500 25.7188
Time 5 22.8021 4.5604 0.68 0.6384
Time x Area 5 8.8021 1.7604 0.26 0.9301
Time x Trt 15 73.0729 4.8715 0.73 0.7399
Time xTrt x Area 15 84.4063 5.6271 0.84 0.6264
Error 40 266.7500 6.6688
Total 95 1337.4896
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Table 4.9. Repeated-measures Analysis of Variance for bivalve richness data. Type III 
Sum of Squares are reported. Site(Area x Treatment) is the error term used to test Area, 
Treatment, and Area x Treatment effects. All other factors are tested with overall mean 
square as the error term. Trt = treatment.
Source DF Sum of Squares Mean Square F value p value
Area 1 4.5938 4.5938 1.22 0.3012
Treatment 3 5.4479 1.8160 0.48 0.7033
Area x Trt 3 3.7813 1.2604 0.34 0.8005
Site (Area x Trt) 8 30.0833 3.7604
Time 5 73.5521 14.7104 7.41 0.0001
Time x Area 5 38.2188 7.6438 3.85 0.0061
Time x Trt 15 32.4896 2.1660 1.09 0.3944
Time x Trt x Area 15 44.1563 2.9438 1.48 0.1584
Error 40 79.4167 1.9854
Total 95 311.7396
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Figure 4.1. Map of South Florida including Florida Bay and Florida Keys. Enlargement 
illustrates general area of experimental sites with sampling locations as indicated.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
24
°5
0'
191
ARB1
O
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
.O
So
frZ
192
Figure 4.2. Mean abundances of total predators (spiny lobsters, large crabs, and all
fmfishes) associated with each type of experimental treatment over duration of 
experiment. Data from all sampling dates, exclusive of July 1993, were pooled. 
Error bars represent one standard deviation.
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Figure 4.3. Mean abundances o f spiny lobsters associated with each type of experimental 
treatment over duration of experiment. Data from all sampling dates, exclusive of 
July 1993, were pooled. Error bars represent one standard deviation.
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Figure 4.4. Mean abundances of molluscivorous fishes associated with each type of
experimental treatment over duration of experiment. Data from all sampling dates, 
exclusive of July 1993, were pooled. Error bars represent one standard deviation.
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Figure 4.5. Mean abundances of non-molluscivores (finfishes and crabs) associated with 
each type o f experimental treatment over duration of experiment. Data from all 
sampling dates, exclusive of July 1993, were pooled. Error bars represent one 
standard deviation.
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Figure 4.6. Mean abundances (number of lobsters per treatment) of spiny lobsters
surveyed in experimental Areas during each sampling period. Data presented are 
exclusive of initial sampling date (Jul 1993) and control treatments where spiny 
lobsters were not present. Error bars represent one standard deviation.
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Figure 4.7. Mean abundances (number of fmfishes per treatment) of finfish predators
surveyed in experimental Areas during each sampling period. Error bars represent 
one standard deviation.
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Figure 4.8. Mean abundances (number of individuals per sample) of gastropods collected 
in experimental Areas during each sampling period. Error bars represent one 
standard deviation.
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Figure 4.9 Mean abundances (number of individuals per sample) o f “other prey”
collected in experimental Areas during each sampling period. Error bars represent 
one standard deviation.
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Figure 4.10. Mean abundances (number of individuals per sample) of bivalves collected in 
experimental Areas during each sampling period. Error bars represent one 
standard deviation.
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Figure 4.11. Box-and-whisker diagram depicting relationship comparing spiny lobster 
abundance (number of individuals per experimental structure) and gastropod 
abundance (number of individuals per benthic sample) by Area.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 4.12. Box-and-whisker diagram depicting relationship comparing spiny lobster 
abundance (number of individuals per experimental structure) and bivalve 
abundance (number of individuals per benthic sample) by Area.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 4.13. Box-and-whisker diagram depicting relationship comparing molluscivorous 
fish abundance (number of individuals per experimental structure) and gastropod 
abundance (number o f individuals per benthic sample) by Area.
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Figure 4.14. Box-and-whisker diagram depicting relationship comparing molluscivorous 
fish abundance (number of individuals per experimental structure) and bivalve 
abundance (number of individuals per benthic sample) by Area.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
217
A. Area 1
80
-Q 40
20
0
B. Area 2
140
a>
g  120
CO
■o 100 
c
3  80
<  60 
a>
>  40 
CO
>  20 
OQ
> 51-40
Molluscivorous Fish Abundance 
(no. ind./structure)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
218
Figure 4.15. Size frequency distribution of spiny lobsters utilizing experimental structures 
throughout duration of investigation. Data presented to illustrate Area differences.
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Figure 4.16. Size frequency distribution of molluscivorous fishes utilizing experimental 
structures throughout duration of investigation. Data presented to illustrate Area 
differences.
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Figure 4.17. Size frequency distribution of non-molluscivorous fishes utilizing
experimental structures throughout duration of investigation. Data presented to 
illustrate Area differences.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 4.18. Size frequency distribution o f gastropods collected in association with
experimental structures throughout duration of investigation. Data presented to 
illustrate Area differences.
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Figure 4.19. Size frequency distribution o f bivalves collected in association with
experimental structures throughout duration o f investigation. Data presented to 
illustrate Area differences.
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Figure 4.20. Comparison, by area, of logistic function describing relationship between 
probability of being a large gastropod and median spiny lobster size.
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DISCUSSION
Predation determines prey species compositions and distribution in a diverse array 
of marine communities (e.g., Connell 1975; Paine 1984; Sih etal. 1985; Kerfoot and Sih 
1987; Wilson 1991; Hixon 1991; Hixon and Beets 1993). Where there are high densities 
of predators, predation impacts upon benthic community structure should be measurable. 
Subtropical and tropical seagrass meadows support abundant and diverse predator guilds 
(Turney and Perkins 1972; Ogden 1980; Yanez-Arancibia and Day 1988; Holmquist et al. 
1989; Sogard et al. 1989a, b; Zieman and Zieman 1989). Seagrass habitats of Florida Bay 
are inhabited by numerous benthic predators, including the spiny lobster, Panulirus argus, 
and various species of finfishes. Yet the results presented herein indicate that the 
predator guild associated with experimental structures, of which P. argus is the numerical 
dominant, had minimal impact on community structure of the benthic prey assemblage. 
Neither prey density nor species richness were significantly impacted by predator density, 
which was significantly manipulated by experimental structures. The only suggestion of 
predator effects on prey populations was the inverse correlation between gastropod size 
and lobster size. Furthermore, there was no evidence to support the role of P. argus as a 
keystone predator in this subtropical marine system.
Why the predation activities of such a diverse and abundant predator guild did not 
significantly impact prey abundance or composition within the macrobenthic community of 
Florida Bay is surprising. Many direct or indirect factors related to both predator and prey 
populations could play a role in producing the observed patterns of abundance, size, and 
diversity characteristic of this prey assemblage studied in Florida Bay. For example,
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overall prey assemblage structure could be a function of the activities of the predator guild 
in which predation intensity is assumed to be a function of predator abundance and 
diversity and predator feeding choice. Some possible explanations concerning predators 
for the observed data may be that (1) predators may have occurred in such low 
abundances throughout the study sites that predation impacts on the benthos could not be 
observed; (2) predator species in this study did not feed on the prey organisms found in 
experimental sites; (3) predators were present and persistent throughout the year, 
therefore, they consistently impacted prey populations and obscured any seasonal changes 
that might otherwise have been noted in prey abundance or size due to recruitment events; 
or (4) predators were merely transient in the study area, and therefore would not have had 
a major impact on the prey assemblage since they would spend little time associated with 
experimental structures and associated neighboring portions of the seagrass bed. Some 
characteristics inherent to the prey populations can also influence predator-prey dynamics, 
and ultimately macrobenthic community structure. Each of these points is discussed in 
greater detail in the following sections.
Low abundance of predators at the Florida Bay study sites is not a likely scenario 
to account for the nonsignificant predation impacts on the prey assemblage. It has been 
suggested that lack of shelter in seagrass beds is the primary limiting factor to further 
exploitation by predators of the seagrass bed resources (Ogden and Zieman 1977; 
Eggleston et al. 1990; Lipcius and Eggleston, unpubl. data). Therefore, placement of 
experimental shelters within seagrass beds would be expected to enhance predator 
populations since shelter would be in close proximity to food resources. In this study,
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predators were successfully aggregated, and thus local abundances in and around 
experimental structures and ultimately in the study sites were enhanced. For example, 
spiny lobsters were concentrated in numbers not seen previously in experimental sites; 
mean increases o f 0.21 lobsters m'2 (range 1-43 lobsters/structure; 0.03-1.12 lobsters m'2) 
were observed. Predation impacts, at least locally (experimental structure inclusive of 6 m 
diameter sampling area = 38.5 m2/structure), on macrobenthic prey should have been 
observed. The fact that no differences were found between controls (no structure), 
representative o f  underlying natural lobster densities (ca. 0.016 lobsters m‘2, Butler and 
Herrnkind 1997), and predator enhanced treatments suggests that increased abundances of 
spiny lobsters only minimally influenced prey abundances.
Experimental structures were also successful in attracting a variety of fishes. 
Although finfish species reported from experimental sites in this study (Table 4.1) were 
not extremely common in other studies of seagrass-associated finfishes (e.g., Sogard et al. 
1987, 1989; FL Dept, of Environ. Protection, fish faunal survey, J. Colvocoreses, pers. 
comm.), these species are typical members of the seagrass-associated fish fauna occurring 
in this region (e.g., Ogden and Ehrlich 1977; Helftnan et al. 1982; Burke 1995; Lipcius 
and Eggleston, unpubl. data; pers. obs.). Members of the casita-associated predator guild 
in the present study were similar to those recorded from casita sites elsewhere in Florida 
Bay (Lipcius and Eggleston, unpubl. data). Thus, the fish assemblage was representative 
of the available fauna utilizing seagrass beds for food and shelter.
However, at sampling intervals fishes occurred in relatively low densities 
(enhanced abundances of 0.03-0.55 m'2 for molluscivorous fishes and 0.03-0.65 m'2 for
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non-molluscivorous fishes) compared with fish densities reported from studies utilizing 
larger artificial reefs in either the region or in similar habitats, where species compositions 
are comparable (Randall 1963; Bohnsack and Sutherland 1985; Hixon and Beets 1993; 
Bortone et al. 1997). Casita-associated fish fauna, as was the case for spiny lobster, may 
be more representative of natural densities found within the experimental sites. Possibly, 
the local habitat provides adequate natural shelters for populations o f these species, 
therefore, colonization of artificial structures would be minimal. Or, individuals of sizes 
recorded in this study are only partially dependent upon, or are only opportunistic users 
(sensu Bohnsack 1989) of artificial reefs placed in seagrass beds.
Since underlying predation effects of seagrass-associated predators were 
accounted for in control treatments, results from this study should be representative o f the 
natural system whether or not all available individuals or a subset o f the total population 
utilized experimental structures. Addition (or concentration) of predators, at least at the 
levels encountered on experimental structures, did not appear to perturb the system 
further. This finding indicates that predation is not a primary structuring mechanism for 
macrobenthic communities in areas with enhanced predator abundances, since no 
significant decrease in prey abundance was observed. Apparently, before a significant 
predation impact can be measured on the macrobenthic community (Profit 1995) densities 
of the casita-associated predator guild (i.e., spiny lobsters and finfishes) must be elevated 
to artificially high densities (in excess of an order of magnitude over naturally occurring 
levels; 0.12 lobsters/m2).
The possibility that casita-associated predators did not utilize available prey
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resources is not a valid explanation for the nonsignificant impacts o f predation either.
This is particularly true for the molluscivore component of the predator guild. Molluscs 
were relatively abundant in benthic suction samples comprising 57% of the total prey 
individuals. Molluscs in general, and gastropods in particular, are primary prey items for 
Panulirus argus (Fernandes 1971; Hermkind et al. 1975; Kanciruk 1980; Colinas-Sanchez 
and Briones-Fourzan 1990; Espinosa et al. 1991; Cox et al. 1997), comprising as much as 
73-75 % o f the prey items found in gut contents (Espinosa et al. 1991; Cox et al. 1997). 
Little quantitative dietary information is available for most fish species associated with the 
experimental structures. In fact, trophic studies of fish communities in tropical seagrass 
systems are generally lacking (Parrish 1989). Among fishes utilizing experimental 
structures are some species that prey heavily on or include molluscs in their diets (Randall 
1967). Where information is available, molluscs have comprised 3.7 to 37.5% volume of 
the diets o f these species (Randall 1967). For blue-striped grunts (Haemulon sciurus; 
Burke 1995) gut contents have also contained 15% bivalves. In general, among all 
community trophic studies conducted in tropical regions, benthic invertebrates as a whole 
are the most important single trophic category (summarized in Parrish 1989). Based on 
diet information for spiny lobsters, and the limited data for fmfishes, it is clearly evident 
that molluscs are consumed by a major component of the casita-associated predator guild.
Although no direct evidence is available in support o f constant residency of 
individual spiny lobsters at experimental sites, it is not unreasonable to assume that spiny 
lobsters utilized experimental structures over the majority o f time of this experiment’s 
duration. Homing behavior has been demonstrated in Panulirus argus, with individuals
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being selective of home dens and maintaining fidelity to these dens for long periods of time 
(Hermkind 1980). Additionally, lobsters tend to be residential in areas of abundant food 
and shelter (Hermkind 1980). Experimental sites also may have been utilized constantly 
because recent ecological disturbance in Florida Bay has been implicated in causing the 
loss of loggerhead sponges, a preferred natural shelter of spiny lobsters, throughout the 
area (Butler et al. 1995; Butler and Hermkind 1997; Hermkind et al. 1997). With less 
natural shelters available one could expect increased use o f any experimental structures 
placed in this area. In fact, increased abundances o f juvenile spiny lobsters were reported 
at sites within Florida Bay, where shelter for postalgal, juvenile lobsters (20-35 mm CL) 
was supplemented (Butler and Hermkind 1997). It was also noted that after total sponge 
loss (spring 1993) juveniles (5-50 mm CL) increasingly utilized artificial shelters 
particularly at those in the intermediate and high shelter sites (Hermkind et al. 1997).
Year-round presence and persistence of predators associated with experimental 
structures could explain the lack of measurable predation impacts noted in this study. 
Predators were observed on all sampling dates. No effect (i.e., sudden decrease in prey 
abundance with subsequent increase in predation intensity) o f enhanced predator 
abundances was observed in the prey assemblage after the experiment began. Any 
seasonal response by the prey assemblage would be unlikely since predation pressure 
remained relatively consistent year round.
Lack of observable peaks in prey abundances, however, could be a function of 
sampling frequency. This is not likely since seasonal increases in predator abundance, 
which presumably would have resulted in increased predation intensity, produced no
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significant impact on the prey assemblage. Because a 2-mm sieve was used, prey 
abundances in suction samples are representative of abundance patterns minus the 
influence of recruitment since new recruits would not have been sampled adequately due 
to their small sizes. If seasonal peaks in recruitment by the entire or even a portion of the 
prey assemblage was occurring, the predator guild would had to have been extremely 
efficient to maintain gastropod abundances at relatively constant levels. Bivalves did 
exhibit peak abundances, but no coincident or subsequent, dramatic declines in mussel 
abundance were observed. Predator preference, therefore, does not seem a likely 
regulatory mechanism responsible for structuring this component of the benthic 
community.
In contrast, even if spiny lobsters showed a high rate of nomadism in the research 
sites, consistent use of experimental shelters should still have been high. Nomadism in this 
species is often driven by food and shelter optimization (Herrnkind 1980). In habitats 
such as extensive seagrass beds, suitable shelters were typically filled with lobsters and 
were re-inhabited by new immigrants within days of experimental removal of lobsters 
(Herrnkind 1980). Since size structure of spiny lobsters inhabiting experimental structures 
was relatively constant over the course of the present experiment (Figure 4.15), new 
recruits to experimental structures were apparently comparable in size (and therefore 
feeding habits) to previous occupants, thus composition of the spiny lobster component of 
the predator guild is assumed to have remained relatively constant throughout the 
experimental period. Alternatively, constant recruitment and growth of spiny lobsters at 
experimental structures could explain the relatively stable size structure. But this scenario
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also predicts consistent utilization of experimental structures.
Although assemblage structure of reef-associated fishes tends to be more variable, 
both temporally and spatially (Sale 1980) than that o f lobster populations, there is some 
observational and tagging evidence that suggests fishes may also exhibit site fidelity to 
reefs and artificial structures (Springer and McErlean 1962; Sale 1980; Hixon and Beets 
1993). Snappers associated with small (132 x 88 x 2 cm) and medium (157 x 105 x 4 cm) 
casitas in a seagrass bed in Mexico were usually observed within 5 m of the structure 
(Eggleston et al. 1992). Large (15 cm TL) tagged piscivores return to ‘home’ artificial 
reefs after being displaced 140 m (Hixon and Beets 1993). Additionally, fishes, such as 
grunts, that undergo twilight migrations to foraging grounds in seagrass beds apparently 
return to the same shelters on the reef (Ogden and Ehrlich 1977; Helfman et al. 1982; 
Burke 1995). Therefore, lack of predator persistence on a long term basis does not 
appear to be a valid explanation for the pattern of predation.
Characteristics of the prey assemblage can also affect the overall community 
dynamics. Therefore, life history traits or microhabitat preferences of the prey assemblage 
may have contributed to the lack of significant predation effects observed in this study.
For example: la) prey organisms may be too scarce, or too abundant and/or diverse (lb) 
for predators to be able to focus in on one, or a small component of the species, and 
therefore predators would be unable to impact overall abundance and diversity; 2) perhaps 
recruitment events in this area happen at a such a frequency that predators are never 
swamped by an over abundance of any one prey item during any one time; 3) abundance 
patterns may reflect size-selective predation, i.e., all sizes of a particular species of prey
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organism may not be consumed by the predominant molluscivores; or 4) prey organisms 
may utilize a spatial refuge in the structurally complex seagrass environment where 
predator efficiency could be reduced significantly. Each of these possible explanations is 
considered and evaluated in the following sections.
Scarcity or over abundance of prey items, particularly gastropods and bivalves, 
does not provide a likely explanation to account for nonsignificant predator impacts at the 
study sites. The fauna of Florida Bay is dominated by gastropods and bivalves (Turney 
and Perkins 1972). Molluscs were prevalent and persistent in benthic suction samples 
collected throughout this experiment. The total number of gastropods remained at 
relatively constant levels, although some local variation did occur. Bivalves showed more 
fluctuation in total abundance due to the major recruitment event of Hormomya exusta, 
but both categories of prey items were always available. Therefore, it is not likely that 
either low or high prey abundance, hindered the foraging activities of molluscivorous 
predators.
Effects of predators on prey diversity can generate several types of responses 
within the prey community or assemblage. For example, predator preference for a 
competitive dominant produces an increase in prey diversity since competitively 
subordinate species are able to utilize limited resources (Paine 1966). This is the classic 
response produced by a keystone predator on a prey assemblage. Alternatively, prey 
species diversity is low under conditions of minimal or intense predation and reaches a 
maximum at intermediate predation intensities (intermediate disturbance hypothesis;
Connell 1978). Low diversity at either extreme of the continuum is caused by competitive
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exclusion at low predation intensities and loss of species at high levels of predation 
intensity. At intermediate predation levels the maximum number of species co-occur, 
since abundances of competitive dominants are maintained at low levels thus, more species 
can utilize limited resources. An overall linear or exponential decline in prey species 
diversity with increasing predation intensity is also possible due to local extinctions of 
members of the prey assemblage. Results presented here show no significant relationship 
between spiny lobster abundance and either gastropod or bivalve species richness, thus 
suggesting that predation intensity by these predators did not significantly impact prey 
species richness. Additionally, it is unlikely that high species richness of prey negatively 
impacted predators. Many of the molluscivores are generalist predators. Thus, one or a 
few species would not be targeted; all individuals of the majority of species are expected 
to be acceptable prey. Prey abundance and richness, therefore, do not seem to be limiting 
factors to predator success in seagrass beds in Florida Bay. However, in-depth feeding 
studies are needed for P. argus and other molluscivorous predators to further test this 
hypothesis.
Several patterns of recruitment have been documented for tropical, benthic 
invertebrate species. These include: discontinuous recruitment, resulting from frequent 
irregular spawning in response to environmental cues throughout the year; low rates of 
reproductive effort throughout the year with recruitment peaks occurring at certain times 
of the year; and a single recruitment event resulting from spawning at a definite time of 
year (Alongi 1990, and references therein). Characteristically, recruitment patterns of 
most benthic invertebrates are extremely variable in time and space (Keough 1988). Given
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the high diversity of molluscs in the study sites in Florida Bay it is highly probable that 
multiple reproductive strategies are employed by members o f the prey assemblage. With 
90+ species of molluscs collected in this study (and well over 200 species known from 
Florida Bay), it is not unreasonable to assume that mollusc recruits enter the system 
throughout the year. However, much of the basic biology for many of these species is 
unknown. More research is needed to fully address this topic.
Predator preference for a particular size of prey can significantly impact size 
frequency distributions within populations o f prey organisms. If  large individuals are 
targeted, overall mean size of prey decreases as the number of larger individuals decreases. 
Alternatively, intermediate sized individuals could be preferred by predators, thereby 
producing a bimodal distribution in prey size frequencies. Although size frequency 
distributions of gastropods and bivalves did not change significantly throughout the course 
of the experiment (Figures 4.18,4.19), the likelihood of being a large gastropod decreased 
as median size of lobsters increased. This finding suggests that either larger lobsters 
preyed upon larger gastropods, that other direct or indirect effects associated with 
predation or habitat utilization influenced prey size structure, or, the relationship between 
lobster size and prey size was an artifact of the size structure of mollusc populations in this 
area. As lobsters become larger, they tend to prey upon larger gastropods (Herrnkind et 
al. 1975; Kanciruk 1980; Pattillo et al. 1997). Larger-sized individual prey may be more 
conspicuous because the number of suitable shelter refuges decreases with increasing size, 
and therefore larger individuals may be more vulnerable to predators or encountered at a 
higher rate. Additionally, in this area, gastropods do not have a size refuge advantage,
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because spiny lobsters are capable of cracking thick mollusc shells, even for those of such 
large and robust species as conch and tulip shells (Hermkind et al. 1975). Alternatively, 
the lobster-gastropod size relationship may not necessarily have reflected selection for 
large prey by the lobsters. It could also result from the fact that comparatively few large 
gastropods were collected in benthic samples. Since samples were collected randomly, the 
number of large gastropods collected should have been representative o f the overall 
probability o f being a large gastropod. Overall lack of large individuals present in the prey 
assemblage may be a function of physiological constraints. The Florida Bay environment 
may be too stressful, thus larger individuals are inherently scarce in this system. Size 
structure of prey populations also may be a function of habitat preference and larger 
individuals prefer habitat types which were not adequately sampled.
Most likely Panulirus argus does not target any specific size category of prey 
organism, particularly larger-sized individuals among the prey assemblage, although size 
selective predation information for P. argus is not available. Several studies, however, 
suggest that spiny lobsters in particular, and decapod crustaceans in general, prefer small- 
size prey (summarized in Juanes 1992). Panulirus cygnus was responsible for much of the 
mortality of Cantharidus lepidus > 2 mm (Edgar 1990). Panulirus interruptus apparently 
produced the observed bimodal distribution in size frequency of sea urchins; intermediate 
size urchins were preferred even though the largest lobsters were capable of handling 
larger urchins (Tegner and Levin 1983). Additionally, P. interruptus preferred mussels 
ranging in size from 10-60 mm whereas 10-100 mm individuals were offered (Robles et al. 
1990). Also, Jasus lalandii preferred prey well below the critical size, the largest size
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mussel that the lobster could eat (Griffiths and Seiderer 1980). In general, crabs and 
lobsters prefer small-sized hard-shelled molluscs when offered a range of sizes (Juanes 
1992). Of the investigations surveyed, predators generally selected prey smaller than the 
predicted, preferred size based on optimal foraging theory (Juanes 1992). For example, 
mean length o f consumed salt-marsh snails was significantly smaller than snails not 
consumed by the crab Pachygrapsus crassipes (Sousa 1993).
Experiments designed to investigate the phenomenon of increased animal 
abundances in vegetated habitats are common. Although two hypotheses have been cited 
most frequently to explain increases in prey species abundance and diversity in seagrass 
beds, both theories (spatial refuge and food supply) consider the effects of predation.
More complex habitats are hypothesized to provide better refuge for prey species and to 
reduce foraging efficiency of visual predators, therefore, allowing higher survival of 
potential prey items in these more complex habitats (e.g., Heck and Wetstone 1977; Coen 
et al. 1981; Heck and Thoman 1981; Hixon 1986; Ryer 1988; Gotceitas and Colgan 1989; 
Nelson and Bonsdorff 1990; Heck and Crowder 1991).
If predation is a major structuring force within seagrass habitats, one would predict 
that exclusion of large, dominant predators would have a positive effect on infaunal 
abundances and species richness. Infauna have higher density, higher biomass, and greater 
species richness in vegetated versus unvegetated habitats with no obvious monopolization 
by dominant species. Much of the difference between the infaunal communities of 
vegetated and unvegetated habitats, however, appears to be unrelated to the degree of 
predation (Peterson 1979). Exclusion of large epibenthic predators from estuarine or
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lagoonal grassbeds, however, had very little effect on the macrobenthic community 
(reviews by Peterson 1979 and Wilson 1991), even though mobile epibenthic predators 
can be orders of magnitude more abundant inside the seagrass habitat than in 
nonvegetated areas (Summerson and Peterson 1984). For example, macrobenthic infauna 
in a North Carolina seagrass bed exhibited a small and statistically nonsignificant response 
to exclusion of large epibenthic predators (Summerson and Peterson 1984). Thus, large 
epibenthic predators were not an important regulatory mechanism in structuring 
macroinfaunal density in warm- temperate, North Carolina seagrass beds. In Apalachicola 
estuary, Florida, Mahoney and Livingston (1982) found little evidence of top-down effects 
by fish (Leiostomus xanthurus) and decapod (Penaeus setiferus) predators. Natural 
fluctuations within the macrobenthos were concluded to be responsible for changes in 
abundances observed between cage, cage control and uncaged treatments. In fact, most 
predator-exclusion experiments designed to examine the effects of predation on seagrass 
macrofauna have been inconclusive or have produced mixed results (Virnstein 1987).
When a dramatic change in prey abundances has been observed, it is important to consider 
that these changes may be location- and/or time-specific or observed changes in prey 
abundances could equally be attributed to confounding factors, such as those inherent to 
caging studies (Hall et al. 1990b). The present experiment was unique in that the question 
of predator impacts was examined without using cages. The experimental structures were 
non-intrusive and exerted minimal impact on the surrounding habitat. Predators were able 
to operate under more normal conditions and behaviors were presumably natural.
Even in systems without seagrasses, the role of predation as a structuring
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mechanism for benthic communities is questionable. Only minimal impacts by predators 
have been demonstrated in other soft-sediment systems in temperate habitats. Abundances 
o f benthic prey, both in numbers o f individuals and species, did not differ significantly 
between treatments of varying densities of the crab Liocarcinus depurator (Hall et al. 
1990a). Additionally, when single prey species were examined, no effects on abundances 
could be attributed to predation (Hall et al. 1990a). Thus, the foraging activities of L. 
depurato have minimal affects on the benthic prey assemblage. Similarly, the role of 
epibenthic crustacean predators in structuring prey populations on a Scottish intertidal 
mud flat were minimal (Raffaelli et al. 1989). Although predators did influence the size 
structure of an amphipod, few other predation impacts on prey densities were observed 
and these were limited to cages with abnormally high densities of crabs.
Results o f experiments examining the importance of predation as a primary 
structuring mechanism are equivocal not only in temperate seagrass and soft-bottom 
systems but also in tropical systems as well. Several experiments conducted in subtropical 
and tropical softbottom systems (Young et al. 1976; Young and Young 1978; Nelson 
1981a; Vargus 1988; Jones et al. 1992), areas where predation is predicted to be more 
intense (Alongi 1989), provide little evidence in support of the hypothesis that predation 
regulates the abundance and diversity of subtropical and tropical macrobenthic 
communities. Thus, results obtained in the present study may not be unusual for 
subtropical benthic communities.
For example, in Indian River Estuary, FL, predator exclusion cages did not 
consistently result in significant increases in density of the macrobenthic organisms inside
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the cage (Young et al. 1976). Additionally, which species came to dominate in any 
particular cage was unpredictable. Young and Young (1978) revisited the topic, but were 
still unable to find conclusive evidence that predation acted as a major regulatory factor. 
For 10 of 11 abundant species investigated, abundances within caged treatments were not 
significantly different from those of uncaged treatments. Even though patterns observed 
in caged treatments were inconsistent with the predicted outcome of increased densities of 
organisms inside the cage, the authors still suggested that predation strongly regulated 
population sizes of the macrobenthic species studied (Young et al. 1976, Young and 
Young 1978). In another set of experiments in the same region, Nelson (1981a), using 
predator enclosures, concluded that neither the fish (Lagodon rhomboides) nor the crab 
( Callinectes sapidus) under investigation had a significant impact on seagrass 
macrobenthic assemblages. After further analysis, however, Nelson (1981b) arrived at an 
alternative conclusion. Using pooled data from either laboratory or field experiments, 
Nelson (1981b) reported that decapods (two species of shrimps and C. sapidus), when 
considered collectively, were negatively correlated with a few macrobenthic taxa under 
consideration. Negative exponential relationships between abundances of several prey taxa 
and decapods were proposed for both lab and field experiments, however, r-values were 
rather low. Thus, interpretations of these data as adequately reflecting changes in 
macrobenthic community structure in response to predator activity should be considered 
with caution.
Other investigators using cages also found a lack of evidence to support the 
hypothesis of predation as a primary regulatory factor. Vargus (1988) concluded that the
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role of macrobenthic predators (birds, fish, crabs, and other crustaceans) in community 
structure was relatively unimportant in a Costa Rican mud flat environment. Abundances 
of the majority o f species examined did not change significantly between caged and 
uncaged treatments. In fact, 21 o f 25 species examined fluctuated less than ±4% in 
relative abundance over the two year investigation (Vargus 1988) regardless of 
experimental treatment.
In contrast, Young and Young (1982) suggested that high and persistent predation 
was the primary mechanism for regulating the macrobenthic community (particularly for 
the polychaete and molluscan components) along a transect in Carrie Bow Cay lagoon, 
Belize even though they found no significant differences in species densities or species 
richness between seagrass and bare sand stations. Evidence to support their conclusion 
was provided by the presence of few large individuals in benthic cores. Their conclusion, 
however, remains speculative since predation by large epibenthic predators, such as fishes 
and crustaceans, was not measured directly, and also because “within-community” 
predation by boring organisms and other infaunal predators was hypothesized as being 
intense and capable of producing the patterns observed.
In other tropical soft sediment systems, the impacts of predation by various species 
of finfishes was not apparent on abundance and size structure o f mollusc populations. 
Seasonal patterns in abundance occurred both in the presence and in the absence of 
predation for most molluscan species examined at most locations in One Tree Lagoon 
(Jones et al. 1992). Additionally, there was no evidence that predation altered the size 
structure of the mollusc populations investigated (Jones et al. 1992). Thus, the authors
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concluded that fish predators do not exert a major impact on the dynamics of mollusc 
populations in One Tree Lagoon. A few other studies evaluating the importance of 
predation as a structuring mechanism also produced inconclusive and equivocal results 
(Keller 1983; Jones etal. 1988).
Similarly, minimal impacts by a predator guild on the prey assemblage have been 
reported in tropical hard-bottom systems. Predation by fishes and crabs had little to no 
effect on gastropod shell loss in a Costa Rican intertidal habitat (Ortega 1986). Activities 
o f piscivorous coral reef fishes did not significantly impact mean abundance or diversity of 
the prey assemblage, although predation did seem to set an upper limit on the maximum 
number o f species and maximum number of individuals associated with artificial reefs 
(Hixon and Beets 1993).
Based on the evidence from the present investigation and previous studies, impacts 
of predation in tropical and subtropical soft-sediment systems may be extremely difficult 
to demonstrate. These habitats, however, often support large numbers of predators, yet 
exclusion or enhancement of these predators does not correspond to measurable changes 
in abundances of macrobenthic organisms. The fact that activities of abundant and diverse 
predator guilds frequently cause only minimal impacts on prey assemblages may seem 
counter intuitive, but apparently predator-prey dynamics in these diverse tropical and 
subtropical systems respond in a similar fashion.
The potential of P. argus to be a dominant predator in its natural habitat had 
previously been suggested (Herrnkind et al. 1975; Davis 1977; Lipcius and Cobb 1994; 
Patillo et al. 1997). However, rigorous experiments to determine effects of P. argus
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
248
predation on macrobenthic prey populations, including the subsequent impacts on prey 
abundances and size frequency distributions, had not been conducted where spiny lobster 
populations occur at natural levels. Menge et al. (1994; Table 9) proposed ten parameters 
which could potentially describe keystone systems and keystone species. Although Menge 
et al. (1994) concluded that keystone predators and keystone systems do not have unique 
properties, it is still instructional to utilize these proposed parameters to evaluate potential 
keystones. The characteristics of P. argus in the Florida Bay seagrass system do not 
correspond well to the postulated properties for either a keystone predator or a keystone 
system. Of the investigations surveyed, the few keystone properties (Menge et al. 1994, 
Tables 9 and 10) that pertain to the P. argus system reported here (i.e., large body size 
relative to prey, indeterminate growth, high mobility and large foraging range of predator, 
prey refuge in space (possibly), and high rates of food input (probably)) could equally 
describe a diffuse predator system (see discussion below).
At natural, or even slightly elevated densities, P. argus had only minimal predation 
impacts on prey populations in this manipulative field study. Therefore, P. argus can not 
be considered a keystone predator in this system. The results from this study provide little 
or no evidence in support of P. argus acting as a keystone predator in seagrass meadows 
o f Florida Bay, even under the broadest sense of the term, that of a keystone predator 
being one whose effect on its community is large and disproportionately large relative to 
its abundance (Power et al. 1996). In fact, it is difficult to prove that P. argus in 
combination with other molluscivores had any significant impact on the molluscan 
component o f the macrobenthic community. Molluscan abundance and richness were not
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significantly influenced as would be expected in a system regulated by a keystone 
predator. Although there is some evidence in this study for size-selective predation on 
gastropods, consumption of larger prey items does not define a keystone predator. Many 
types o f predators consume larger prey items to optimize their foraging strategies and 
maximize energy intake. Certainly, the patterns of prey abundance, size, and diversity 
observed throughout this experiment could have been produced historically by intense 
predation of spiny lobsters and finfishes. Possibly, mollusc populations are now 
maintained at relatively constant levels through a variety of mechanisms including 
predation, recruitment, and physical factors. But if  predation is a primary regulatory 
mechanism, a decrease in prey abundance would be expected at the very least with further 
perturbations to the system via increased predator abundances. This was not the case, and 
furthermore, the highest lobster densities at experimental structures did not consistently 
correspond with the lowest gastropod abundances. Additionally, no relationship between 
lobster abundance and species richness of either gastropods or bivalves was apparent.
In a number of other marine communities, lobsters, including species of Panulirus 
and Jasus, have been shown or have been suggested to be keystone predators. These 
species of spiny or rock lobsters are described as dominant benthic predators in their 
respective habitats thus, playing a major role in structuring species composition and size 
frequency distributions of macrobenthic invertebrates. For example, Jasus lalandii is the 
dominant predator in subtidal communities along the west coast of South Africa (Pollock 
1979; Griffiths and Seiderer 1980; Barkai et al. 1996). These rock lobsters, which occur 
in large numbers, feed mainly on two species of mussels found throughout the area, with
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demonstrated species-specific and size-specific preferences for mussels (Griffiths and 
Seiderer 1980). Preferential feeding resulted in low, naturally occurring abundances of the 
preferred mussel and concentrated predation pressure on a select size range of the 
numerically dominant, least preferred, species o f mussel on lobster feeding grounds. Thus, 
predation by J. lalandii was hypothesized as having a regulatory effect on both 
abundance and size frequency distributions in mussel populations (Griffiths and Seiderer 
1980).
In another study area, presence or absence o f intense predation by J. lalandii was 
hypothesized as the key factor responsible for drastic differences between two benthic 
communities associated with neighboring islands, located 4 km apart (Barkai and Branch 
1988; Barkai and McQuaid 1988). Where rock lobster density was high (Malgas Island), 
predation by lobsters impacted species composition and size structure of four whelk 
species (Barkai and McQuaid 1988) as well as maintained newly recruited barnacle 
abundance at low levels (Barkai and Branch, 1988). Based on measurements of prey 
availability and consumption, these lobsters not only actively selected their prey species, 
but could also shift to more opportunistic feeding habits when necessary (Barkai et al.
1996).
Similarly, Panulirus interruptus is a significant predator in California kelp and 
rocky shore communities, feeding on molluscs, crustaceans, and sea urchins (Tegner and 
Levin 1983; Robles and Robb 1993). In manipulative feeding experiments, P. interruptus 
demonstrated a clear preference for one species of sea urchin over another and 
preferentially preyed upon a particular size range (Tegner and Levin 1983). Thus, prey
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preferences of P. interruptus could substantially affect prey species composition and size 
frequency distributions of sea urchins on the feeding grounds (Tegner and Levin 1983). In 
rocky shore, algal turf habitats, P. interruptus was a keystone predator in semiprotected 
and exposed sites (Robles and Robb 1993). Although diffuse predation by lobsters, 
finfishes, and whelks was demonstrated at protected sites, predation by lobsters still had a 
significant impact on the benthic community (Robles and Robb 1993). A predominance of 
gastropods was found in gut contents of lobsters collected from Bahia California Sur 
(Diaz-Arredondo and Guzman-del-Proo 1995), where some preference was demonstrated, 
since prey diversity within lobster guts did not coincide with prey richness observed in the 
environment. Again, the authors concluded that P. interruptus could substantially affect 
prey composition.
Panulirus cygnus, which occurs in high densities off the Western Australian coast, 
has also been described as a dominant predator in shallow-reef and seagrass communities 
(Joll and Phillips 1984; Edgar 1990a, b). High densities of P. cygnus concurrent with 
rapid declines in mollusc abundance after recruitment events (Edgar 1990a) provided 
evidence that the rock lobster may control abundances o f epifaunal molluscs. Also, 
dietary analysis showed that the diet of P. cygnus reflected the abundance and size 
distribution of the available benthic macro fauna (Edgar 1990a). To quantify lobster 
predation impacts, Edgar (1990b) used cages to assess changes in abundance of the 
numerically dominant gastropod. Although results from his caging study were 
inconclusive, the observed patterns in prey density, together with a suite of circumstantial 
evidence, implicated this species of rock lobster as a major structuring factor in benthic
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communities o f Western Australian seagrass beds (Edgar 1990b).
With a few species of lobsters reportedly fulfilling the role of keystone predator 
(Barkai and McQuaid 1988; Edgar 1990a,b; Robles and Robb 1993) in various 
ecosystems, it is reasonable to think that congeners might function similarly in their 
communities. But, ecological generalities, especially those regarding biological 
interactions with functionally important species, are rare (Dayton 1984).
Why P. argus does not function as a keystone predator in seagrass meadows of 
Florida Bay may be a function of its ecology. A major difference between previous studies 
examining the role o f lobsters as a keystone predator and the present investigation is the 
conditions under which the experiments were conducted. Previous experiments were 
conducted in either a laboratory setting or in relatively simpler systems (e.g., rocky 
intertidal) where species diversity of potential prey tends to be relatively low and species 
abundance relatively high. Additionally, each feeding study concentrated on only one or 
two dominant prey species which occurred in high abundances. Laboratory aquaria or 
caging studies might not accurately depict true prey preferences or feeding rates. Spiny 
lobsters are described as opportunistic foragers feeding on a variety of prey items 
(Herrnkind et al. 1994); if only a few types of prey are provided, lobsters in a confined 
space will eat the prey provided. In the present study, laboratory and caging experiments 
deliberately were not used so as to limit the potential for artifacts in the data. All potential 
prey items were surveyed under natural conditions. Also, there was no persistent, 
numerically dominant prey species in this investigation, therefore, presumably no particular 
prey item was targeted by predators. Although the mussel, Hormomya exusta, did have at
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least one recruitment event, numbers of individuals were not subsequently drastically 
reduced in a short period of time as was the response observed for P. cygnus and the 
numerically dominant gastropod species (Edgar 1990a) and J. lalandii and newly recruited 
barnacles (Barkai and Branch 1988).
Moreover, lobster densities reported in previous studies were relatively high in 
comparison to those in this investigation. Mean densities as high as 10.17±7.24 m'2 were 
reported for J. lalandii at Malgas Island (compared to 0.81 m'2 at rich lobster grounds on 
the west coast of South Africa; Barkai and Branch 1988) and 0.151 m'2 mean night time 
density for P. cygnus (Edgar 1990b). Spiny lobster density comparable to these has been 
observed in Florida Bay at structurally enhanced experimental sites (0.12 lobsters m‘2; 
Lipcius and Eggleston, unpubl. data). However, spiny lobster densities at the 
experimental sites considered in this investigation were more representative of naturally 
occurring densities o f 0.016 lobsters m'2 (Butler and Herrnkind, 1997). These densities 
support the finding that small artificial structures retain the natural spatial distribution 
(Herrnkind et al. 1997), and therefore, natural densities of spiny lobsters. Even when 
lobster abundances at experimental shelters are considered to be in addition to naturally 
occurring densities (i.e., enhancement), overall density at experimental sites was still an 
order o f magnitude less than densities reported in the aforementioned studies where 
lobsters are at high density and considered to be keystone predators. But under these 
conditions of such high densities, lobsters seem to occupy the role of a dominant predator 
rather than that of a keystone predator because their total impact on the community 
although large, is not disproportionate to their biomass (Power et al. 1996).
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Furthermore, studies conducted in intertidal zones or those examining predator 
impacts on sessile prey may produce different results from those observed here because of 
the location and/or prey species targeted in those investigations. Lobsters foraging on 
sessile prey items in intertidal and shallow, hard-substrate subtidal habitats would have 
restricted foraging grounds and restricted foraging times due to prey location and tidal 
cycles. Thus, predation impacts would be more concentrated and therefore more obvious. 
Dramatic decreases in prey abundance would be noticeable and easily quantified. In 
contrast, natural densities o f lobsters inhabiting large seagrass beds would potentially be 
dispersed over larger areas. Seagrass habitats are more continuous continuously 
submerged. Consequently, lobsters do not have the same space or time constraints as 
those lobsters foraging on intertidal areas. Thus, predation impacts at the local level 
would not be as easily recognized or quantified as they are in more constrained systems. 
This in combination with random prey distributions (Turney and Perkins 1972) would help 
maintain prey abundances and diversity patterns as was observed in the seagrass beds of 
Florida Bay.
From the evidence presented in this study, P. argus is clearly not a keystone 
predator. In fact, the role of other spiny and rock lobster species as keystone predators is 
called into question. Experimental biases (i.e., selection o f one or two dominant prey 
species for investigation) and high predator densities, often associated with restricted 
foraging grounds, may lead to this conclusion. Other lobster species discussed here were 
either shown or suggested to have had a significant impact on prey distributions and 
abundances and seem to play a major role in overall community structure. Strong
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interactions between predator and prey were documented. But, given the evidence, it 
seems that these lobsters are dominant predators (sensu Power et al. 1996) not keystone 
predators. The issue of spiny and rock lobsters as keystone predators should be re­
examined in light o f the new recommendations (Power et al. 1996) o f what characteristics 
are necessary for a species to be designated a keystone predator.
Overall, manipulation of the predator guild in this study did not produce impacts 
on the benthos greater than those observed at natural predator levels. There is no 
evidence for strong predation in this system, either by keystone predation, as discussed 
previously, or diffuse predation (Menge and Lubchenco 1981; Robles and Robb 1993; 
Menge et al. 1994). Diffuse predation, where total predation is due to the combined 
efforts of two or more predators, usually describes systems with strong predation pressure 
exerted by a variety of predators. Although fishes and spiny lobsters inhabited 
experimental structures in various combinations with predator mix ranging from those of 
only spiny lobsters present to those with only fishes present, no measurable differences in 
prey parameters were observed between structures with and without fishes. Strong 
predation does not characterize the Florida Bay seagrass and macroalgal system, rather, 
predation is described as highly differentiated in both space and time.
In speciose systems such as Florida Bay, Strong (1992) hypothesized that the 
overall effects of predation are buffered, since consumption is differentiated and not 
directed towards a single prey species. Keystone predators and the resultant trophic 
cascades, therefore, would not commonly occur in these systems. Menge et al. (1994) 
suggested that Strong’s implication that keystone species were synonymous with trophic
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cascades was too restrictive since other changes resulting from activities of keystone 
species such as changes in species composition or size were implicitly excluded. Although 
Menge et al. (1994) disagreed with Strong’s interpretation that high diversity systems 
were uniquely characteristic of diffuse predation, the results presented here support 
Strong’s conclusion. The factors proposed by Strong (1992), including predation and 
spatial and temporal heterogeneity seem to explain why a significant regulatory influence 
on the macrobenthos was not demonstrated by the casita-associated predator guild in the 
Florida Bay study sites. These factors, considered below, are likely acting as suppressing 
forces, thus reducing the likelihood that cascading effects will occur in the food web.
Predators able to generalize among prey items, particularly among trophically 
similar species, would not be characteristic of a true trophic cascade because of their 
highly varied diets. All predators observed in experimental sites in this study are 
considered generalists. Gut content studies for spiny lobster and finfish species reported 
high taxonomic diversity in their diets (e.g., Randall 1967; Herrnkind et al. 1975, 1994). 
Moreover, within a predator taxon, numerous species are consumed. For molluscivorous 
fishes utilizing experimental structures in this study, molluscs comprise 3.7 to 37.5 % 
volume of the diet, with species richness in gut contents ranging from 3 to 21 species 
(Randall 1967). Several species of fishes residing in or utilizing Florida seagrass beds 
have diverse diets (Carr and Adams 1973; Brook 1977; Stoner 1980; Livingston 1982, 
1984; Motta et al. 1995). Similarly, spiny lobsters incorporate a wide variety of 
organisms in their diets. In addition to molluscs, crustaceans, echinoderms, fish, 
macroalgae, and seagrass have also been reported as food items for spiny lobsters
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(Fernandes 1971; Hermkind etal. 1975; Kanciruk 1980; Colinas-Sanchez and 
Briones-Fourzan 1990). Individual P. argus characteristically had multiple kinds of prey 
present in gut contents with as many as eight different items (Hermkind et al. 1975). With 
generalist, and often omnivorous, second- and third-level predators consuming organisms 
from different trophic levels and taxonomic categories, top-down forces would be 
expected to become much more diffuse; patterns of connectedness and therefore energy 
flow through the food web is not direct or straightforward (Polis 1991). Thus, in high 
diversity systems, particularly those with multiple consumers with highly diverse diets, 
predation impacts appear to be more subtle. With high incidence of omnivores and 
trophic generalists in the predator guild, trophic levels tend not to be as discrete and 
energy can move in multiple directions throughout the food web (Strong 1992). 
Additionally, where multiple species of prey are utilized by predators and several species 
function similarly within the community, fundamental structure and function of the 
community would not necessarily be affected with fluctuating abundances o f one or a few 
prey species (Menge and Lubchenco 1981, Menge and Farrell 1989). Top-down influence 
in a high diversity trophic web would therefore likely become intertwined with other 
suppressive forces that keep a trophic cascade in check (Strong 1992).
In addition to highly differentiated diets of multiple consumers, ontogenetic and 
seasonal shifts in diets of these predators occur as well which would also help suppress a 
trophic cascade effect. Predators may alter their habits and prey preferences in relation to 
their ontogenetic development (Kikuchi and Peres 1977). Panulirus argus shifts its diet in 
relation to its ontogeny (Herrnkind et al. 1975; Kanciruk 1980; Andree 1981; Marx and
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Hermkind 1985a,b). However, differences between juvenile and adult diets may be a 
consequence of differences in the prey assemblage between juvenile/subadult habitat in 
seagrass systems and adult habitat on coral reefs. Evidently, the only major difference in 
diet between younger and older juveniles and subadult spiny lobsters (i.e., those lobsters 
utilizing experimental structures in the present investigation) is size of prey consumed 
(Pattillo et al. 1997). Smaller-sized spiny lobsters feed on inherently smaller species of 
mollusc and smaller individuals of commonly eaten larger-sized molluscs (Pattillo et al.
1997).
Examples among piscine predators in the present study include Haemulon 
aurolineatum, in which each size category feeds on several different prey items, but the 
most abundant prey taxon (both numerically and volumetrically) changes with increasing 
size o f the fish (Sedberry 1985). Small Anisotremus virginicus ‘clean’ larger fishes 
(Randall 1967), and presumably feed on ectoparasites, whereas larger individuals have a 
varied diet consisting primarily of benthic molluscs and crustaceans (Randall 1967). Gray 
snapper shift their diet both seasonally and ontogenetically (Hettler 1989). Thus, the 
impact of a particular predator species, and the subsequent role that each species plays in 
community regulation, may change throughout the year due to ontogenetic changes in the 
diet (Nelson 1981a). Several species of fishes associated with seagrass habitats in other 
areas vary their diets seasonally and ontogenetically (Carr and Adams 1973; Stoner 1980; 
Livingston 1982, 1984; Motta et al. 1995). This life history mode, therefore, may be a 
common trait of species utilizing seagrass ecosystems. Ontogenetic and seasonal shifts, in 
concert with generalistic resource use among juvenile and adult stages of predators, would
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tend to dilute major impacts by predators upon benthic prey.
The foraging strategy of the spiny lobster is also not conducive to a trophic 
cascade. Foraging entails slow, undirected, meandering movements while probing the 
sediment in search o f food (Hermkind 1980, Kanciruk 1980). Finding suitable prey items 
is unpredictable given the microhabitat preferences of individual prey species and the 
overall habitat heterogeneity within the seagrass bed. In addition, prey are not aggregated 
(see Chapter 3), therefore, at each successful encounter, the predator finds only one to a 
few prey individuals at a time, which may or may not be conspecifics. Thus, the 
probability of defaunating the foraging grounds by eliminating a specific species, is rather 
low. Additionally, as mentioned previously, predators often feed over a wide range of 
prey sizes even though a preferred size of prey may exist. Various species of lobsters 
preferred prey smaller than the predicted, optimal prey size, based on what an individual 
lobster was capable of manipulating and ingesting (Griffiths and Seiderer 1980, Tegner 
and Levin 1983, Edgar 1990a; Robles et al. 1990; Juanes 1992). Larger prey individuals 
are presumably not targeted because multiple applications o f force are required to break 
open shelled individuals which prolongs handling time and reduces food intake (Zipser and 
Vermeij 1978, Elner and Hughes 1978, Griffiths and Seiderer 1980). Thus, discrepancy 
between sizes of prey that are edible and sizes which are preferred, in concert with 
predators feeding on individuals throughout the observed size range further maintains prey 
size frequency distribution by distributing predation pressure over the entire, available prey 
size range. Predation impacts, then, would be lessened for both very small and very large 
individuals.
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Spatial and temporal heterogeneity within both the predator and prey assemblages 
also prevent intense consumption from becoming a runaway cascade (Strong 1992). 
Although some seasonal increases in spiny lobster and molluscivorous fish abundances in 
summer sampling periods were observed, high predator densities did not persist 
throughout this study. Predator abundances over time were not predictable at individual 
experimental structures. Ontogenetic shifts in habitat use would add further to variability 
in predator abundance. Since Florida Bay is considered an important nursery habitat for 
many species of finfishes and crustaceans, long-term residency in the seagrass bed would 
not be expected for all predatory species. Species composition and abundance would 
fluctuate as individuals matured and moved to adult habitats and as they recruit to 
experimental shelters, both through movement and recruitment. Certainly this is true for 
spiny lobsters, since mature individuals leave the seagrass bed seasonally and migrate to 
coral reef habitats offshore to spawn (Herrnkind 1980; Lipcius and Cobb 1994). Gray 
snapper, the dominant nonmolluscivore in the present study, enter Everglades National 
Park (Florida Bay) as small juveniles, reside in the park to age 3-4, then begin migration to 
adult offshore reef habitats (Rutherford et al. 1989). Other reef fishes utilizing seagrass 
beds as nursery habitat demonstrate similar seasonal patterns in habitat use (Weinstein and 
Heck 1979; Heck and Weinstein 1989; Peters et al. 1994). Additionally, the size 
frequency distribution of predators utilizing experimental structures, on average, remained 
fairly constant throughout the study. Assuming that larger predators consume prey at 
higher rates than smaller predators, lack of persistent, large individuals utilizing structures 
at experimental sites would protect prey populations from a runaway cascade. Also, there
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is a tendency among these seagrass fishes for early growth stages, comprising those 
individuals utilizing the nursery grounds, to have more generalized feeding habits than 
older individuals (Livingston 1982).
Prey populations in Florida Bay also contributed to the overall spatial and temporal 
heterogeneity o f the system. Area differences were apparent in gastropod and bivalve 
abundances as well as gastropod richness. In general, within an area, the prey assemblage 
consisted of randomly distributed, speciose assemblages, with species represented by a 
single or a few individuals per sample. Except for mussels (H. exusta), no major 
recruitment events were observed during the course of this study. Although observed 
patterns in the benthos could be an artifact of the sampling regime (both in timing and 
frequency of sampling periods and sieve size utilized), even if recruitment events occurred, 
these did not have a lasting impact on the benthic community except for the mussel event. 
This pattern was also found in bivalve populations in Jamaica (Jackson 1972). Local 
spatial variability in bivalve species richness and their abundances was evidenced by 
generally higher variation within any one month than between monthly mean variation, 
although neither the number of species nor their abundances changed significantly during 
the year-long period o f observations (Jackson 1972). Molluscan populations within 
vegetated habitats in Australia demonstrated variation in patterns of both temporal and 
spatial distributions (Edgar 1990a). Although mollusc density at the Seven Mile Beach 
location did not differ significantly between the habitats under consideration or between 
seasons, distribution of molluscs between habitats changed seasonally (Edgar 1990a). 
Detailed descriptions were made of spatial patterns in the distributions and abundances of
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the 10 most common species o f mollusc in the soft sediments of a coral reef lagoon (Jones 
et al. 1990). Differences in densities were observed at all spatial scales examined (zone, 
location, site, replicate), although spatial scales were not equally important in terms of the 
magnitude of the variation observed; zones explained 50-80% of variance, whereas 
replicates and locations, on average, explained 15-16% and sites 7% (Jones et al. 1990).
A pilot study also indicated high variability in molluscan densities at the local scale (tens of 
meters) indicating the species o f interest exhibited patchy distributions (Jones et al. 1988). 
Size structure of molluscs did change seasonally in Western Australia seagrass beds with 
three most common species recruiting during the winter and spring months (Edgar 1990a). 
However, without generally strong seasonal trends in environmental conditions, as occurs 
in more temperate seagrass beds, seasonal pulses of recruitment may not have been 
evident. Instead, recruitment may be dispersed over the entire year, or for longer periods 
within the year than what occurs in seagrass beds located in more seasonal areas. Local 
seasonal fluctuations were not observed for bivalve species investigated in Jamaican 
seagrass beds (Jackson 1972). Further discussion of factors influencing spatial and 
temporal patterns among species of molluscs collected in this investigation are covered in 
detail in Chapter 3.
If top-down forces are differentiated and diffuse and therefore buffered by other 
suppressive forces, as they seem to be in the Florida Bay system, then this system should 
be considered a ‘donor-controlled’ system (Strong 1992). Community regulation and the 
structure of the trophic web would be more dependent, therefore, on fluctuating levels in 
primary production (e.g., Oksanen et al. 1981; Power 1992) rather than impacts of
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predation. Given that seagrass habitats are highly productive ecosystems (Zieman and 
Zieman 1989) and Florida Bay supports a diverse and abundant macrophyte assemblage 
(See Chapter 2 for more complete discussion), sources o f primary production, therefore, 
are not lacking. The sublittoral flora is predominately perennial (Croley and Dawes 1970). 
However, seagrass and macroalgal growth and biomass vary interannually and seasonally 
(Croley and Dawes 1970; Thorhaug and Roessler 1977; Heck 1979; Zieman 1982; Butler 
and Herrnkind 1991). High variance in macrophyte growth and biomass in combination 
with heterogeneous grazing by herbivorous molluscs and other macro-omnivores would 
add to the ingrained patchiness of the system and thus further suppress the potential for a 
trophic cascade.
Seasonal declines in biomass (e.g., exfoliation) would contribute to the detrital 
web. Additionally, fallout from the persistent algal bloom (Boesch et al. 1993; Butler et 
al. 1995) would presumably contribute to the overall secondary production of the system 
by providing a significant source of food for both suspension feeders and detritivores.
Thus, multiple sources of primary production are available throughout the year and can 
enter the trophic web through either direct herbivory or the detrital food web. The more 
basal species of the trophic web, therefore, presumably receive a relatively constant supply 
o f food in the Florida Bay system. It appears that cascading effects of bottom-up forces 
are not as buffered as those of top-down forces; reciprocity between consumers and their 
prey may be unequal (Strong 1992).
In summary, the results presented here provide evidence that the 
seagrass/macroalgal community of Florida Bay is not regulated by predation activities of
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the Caribbean spiny lobster and various finfishes. Given the overall diversity and 
generalistic nature of the casita-associated predator guild and the speciose and relatively 
abundant prey assemblage found in experimental sites, predation can not be considered as 
a primary structuring mechanism. This is not to imply that predation does not occur. 
Realistically, predation may be intense. But, in the Florida Bay system, the effect of 
predation may be so differentiated and therefore buffered, that the impact of predation 
upon benthic community structure is minimal. Sih et al. (1985) hypothesized that 
predation impacts would be less in more complex systems with high structural 
heterogeneity as compared to simpler rocky intertidal and lake communities.
Alternatively, predation effects may be concealed by other factors and thus not observable 
or measurable without more extensive sampling elforts. Direct and indirect effects are 
difficult to observe and quantify in some habitats or communities. Observability can be 
compromised by system-specific characteristics such as habitat heterogeneity, organism 
size, and slow rate of change in community parameters after perturbation to the system 
(Menge 1997). However, the similarity in low predation impacts between the present 
study and others conducted in subtropical and tropical systems suggest that predator-prey 
dynamics operate in a similar fashion in these regions and that these communities are not 
regulated from the top down. Moreover, Panulirus argus, at densities recorded in this 
study, can not be considered a keystone predator or even a dominant predator in the 
Florida Bay seagrass and macroalgal system. In contrast to its congeners, P. argus did not 
significantly impact prey abundances or species richness, and had limited influence on size 
frequency distributions within the prey spectrum. Ecological differences between P. argus
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and other lobsters, such as habitat complexity and relative densities, may explain these 
functional differences in the roles these predators play within their respective habitats.
Trophic relationships between organisms within the Florida Bay seagrass system, 
therefore, seem best described as a ‘trophic trickle’ (Strong 1992). Interconnections 
between consumers and their prey appear to be reticulated; there seems to be high 
connectivity within the trophic web. Consumers are resource generalists often preying 
upon individuals in multiple trophic levels. Considering the overall habitat heterogeneity 
exhibited by this system, in concert with spatial and temporal variability within predator 
and prey abundances and distributions, and ontogenetic shifts in diets and habitat use by 
predators, consumption can only be described as differentiated in time and space within 
the Florida Bay seagrass habitat.
Regional differences in prey abundance and richness were significant. Predator 
effects, however, were similar between areas. Significant area differences in prey 
abundances, therefore, did not result from differential impacts of prey consumption by 
casita-associated predators. Conversely, experimental areas were representative of distinct 
sub-environments in Florida Bay (see Chapter 3). Regional differences in macrophyte 
biomass, sediment composition and water quality (see Chapters 2 and 3), which are 
complimentary to the hydrology of the ecosystem, may be o f primary importance in 
structuring prey communities. Ecological processes, in particular food input and 
productivity, need to be examined at regional and local scales.
Results from this study also provide evidence that soft sediment macrobenthic 
communities, particularly in subtropical and tropical regions, are not structured like
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temperate rocky intertidal habitats. Intensive investigations in these latter regions have 
provided the majority of data on which many ecological paradigms are based. As has been 
suggested by others (Peterson 1979; Dayton 1984; Alongi 1989; Wilson 1991), soft 
sediment systems seem to abide by different rules and likely need their own paradigms. 
Many of these benthic ecology concepts which were formulated from temperate work are 
not readily applicable to tropical benthic ecosystems (Alongi 1989). Alongi (1990) 
hypothesized that the tropics are not the stable, environmentally constant habitats as was 
once thought. Therefore, benthic community structure must be examined in light of many 
potential regulatory factors which constantly change both temporally and spatially (Alongi 
1989). As was the case in the rocky intertidal (Menge and Sutherland 1987), the most 
realistic view of subtropical and tropical sofitbottom benthic community structure will 
likely involve the interplay between several regulatory factors. Which factor(s) dominate, 
therefore, will be dependent on, and vary with, environmental conditions and the types of 
organisms found within these communities. Manipulative field experiments conducted in 
subtropical and tropical systems are limited. More research will be needed in these areas 
before an improved understanding of community dynamics in these speciose systems can 
be found.
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Appendix 4.1. Abundance of potential prey items collected in benthic suction samples. Raw data are presented. Trt = casita treatment, 
bivl = bivalves, Gast = gastropods, Shrp = shrimps, Iso = isopods, Amph = amphipods, Echn = echinoderms.
Date Area Site Trt Bivl Gast Shrp Crab Iso Amph Fish Echn Worm Chiton Other Total
Jul 93 1 ARBI Control 4 7 0 0 0 0 0 1 26 1 0 39
Frame 12 6 2 0 0 5 0 2 32 1 0 67
Mesh 2 7 9 3 0 0 0 4 42 0 0 58
Full 4 11 2 1 1 0 0 2 21 1 0 44
ARB2 Control 3 3 2 0 0 0 0 3 12 1 0 24
Frame 0 11 1 4 0 0 0 0 6 0 0 22
Mesh 1 8 1 3 0 0 0 0 12 0 0 25
Full 4 14 1 2 1 1 0 1 8 1 0 33
2 PK Control 47 1 0 2 1 0 0 0 7 3 0 61
Frame 33 2 2 6 2 1 0 1 14 0 1 62
Mesh 27 1 0 2 0 3 0 0 7 2 0 42
Full 71 1 2 1 2 1 0 3 6 1 0 88
BK Control 9 2 0 0 0 5 0 0 6 0 0 22
Frame 11 1 0 0 0 1 0 0 12 0 0 25
Mesh 18 4 0 3 0 1 0 0 10 0 0 36
Full 4 2 0 0 0 4 0 0 6 1 0 17
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SUMMARY AND CONCLUSIONS
Tropical marine habitats support a diverse array of predators, many of which feed 
upon the macrobenthos. There has been much discussion and controversy in the literature 
regarding the relative role of predation in structuring tropical marine communities. 
Predation is predicted to be more intense in the tropics with two types of strong predation, 
keystone predation and diffuse predation, hypothesized to regulate prey distributions, 
abundances and diversity. It has even been suggested that the Caribbean spiny lobster, 
Panulirus argus, operates as a keystone predator in softbottom environments it inhabits. 
But little experimental work has been conducted in tropical softbottom environments, 
which due to the high faunal diversity occurring in such habitats pose many interesting 
problems in designing manipulative experiments. Paradigms on trophic dynamics 
developed for temperate rocky intertidal habitats have little application in addressing the 
role o f predation in structuring tropical softbottom communities.
The present research was an experimental approach to assess the relative role of 
predation in structuring the molluscan component of the macrobenthic community 
inhabiting seagrass and macroalgal habitats in Florida Bay (Chapter 4). In this region, P. 
argus and various species of finfishes feed heavily on, or include, molluscs in their diets. 
Molluscs are a prevalent and diverse component of the macrobenthos o f Florida Bay. A 
total of 75 gastropod and 25 bivalve species were collected in this study.
Florida Bay, a shallow lagoonal estuary and the largest subtropical seagrass 
ecosystem in the continental United States, is dominated by Thalassia testudinum which 
constitutes nearly 80% of the bottom habitat. A network of seagrass-covered carbonate
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mud banks divide Florida Bay into a serious of shallow (< 3 m) discrete basins. Mud 
banks exert considerable influence on the ecology of Florida Bay by restricting circulation, 
affecting sediment accumulation, and minimizing the hydrographic influences of the Gulf 
o f Mexico. Various sub-environments characterize this complex system.
The experiment conducted was unique in that it did not utilize cages to monitor 
predation impacts. Cages have been used extensively in studies of other softbottom 
systems, but these experimental units often introduce artifacts into the data, thus 
confounding interpretation of experimental results. In the present study, non-intrusive 
experimental structures were used to manipulate predator densities. These structures 
attracted a suite of predators in numbers comparable to naturally occurring densities. The 
structures were successful in manipulating predator abundances and densities as 
hypothesized, i.e., more predators were found at the more complex structures. Although 
predator densities were enhanced locally, there were no measurable impacts of predation 
on the abundance and species richness of the molluscan assemblage. Size structure of 
gastropods may have been influenced by spiny lobster predation, as suggested by a 
significant inverse relationship between gastropod size and lobster size, but more data are 
required to examine this finding.
There was no evidence for predation as a primary structuring mechanism for the 
molluscan assemblage inhabiting the seagrass environments of Florida Bay. Nor was 
evidence obtained to support the hypothesis that P. argus is a keystone predator in this 
system. Furthermore, there was no evidence to suggest diffuse predation occurs on this 
component of the macrobenthos. Trophic dynamics between molluscivores and their prey
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in Florida Bay are best described as a “trophic trickle.” In such a relationship, 
interconnections between consumers and their prey appear to be reticulated; there seems 
to be high connectivity within the trophic web. Most likely, these consumers are resource 
generalists often preying upon individuals in multiple trophic levels. Considering the 
overall habitat heterogeneity exhibited by this system, in concert with spatial and temporal 
variability within predator and prey abundances and distributions, and ontogenetic shifts in 
diets and habitat use by predators, consumption can only be described as differentiated in 
time anu space within the Florida Bay seagrass habitat.
Observed differences in the molluscan assemblage at the two experimental areas 
most likely reflect responses to area differences since the experiment was conducted in 
two distinct sub-environments of Florida Bay that differ in macrophyte biomass and 
richness, sediment composition, and water quality characteristics. The variations in prey 
abundance and diversity between areas are consistent with significant area effects 
prevalent throughout the data set for environmental parameters. Thus, habitat 
characteristics should be examined in greater detail to estimate their importance on 
structure of the molluscan assemblage.
Systems like Florida Bay should be considered a ‘donor controlled’ system. That 
is, top-down forces are differentiated and dispersed over space and time and therefore 
buffered by other suppressive forces. The system may be influenced more from the 
bottom up, suggesting that primary production, food input, and nutrients are of primary 
importance in regulating community structure in this system.
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